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A lim in g  in v e s t !  g a t io n  v*as conducted  on n in e  r e p r e s e n ta t iv e
s o i l s  o f  M aryland. The im portance o f lim in g  p r a c t i c e s  to  a g r i c u l tu r e
were d is c u s s e d  a lo n g  w ith  a  b r i e f  h i s t o r i c a l  rev iew  o f  lim in g  in v e s t ­
i g a t i o n s .  The need f o r  a  com para tive  lim e s tu d y  as  a  r e fe r e n c e  f o r  
making lim e recom m endations f o r  M aryland s o i l s  was p o in te d  o u t .
F ie ld  ex p e rim en ts  were s e t  up on ’fa tta p e x  s i l t  loam , Matawan 
sandy loam , S a s s a f ra s  s i l t  loam , 'ionrnouth loamy sa n d , / le n e lg  loam , 
C h e s te r  s i l t  loam , D u ff ie Id  s i l t  lo a n , and Emory s i l t  loam s o i l s .
These s o i l s  were in v e s t ig a te d  o v er a  th re e  y e a r  p e r io d  to  d e te rm in e  
th e  in f lu e n c e  o f  c h e m ic a lly  e q u iv a le n t  amounts o f  c o a r s e ,  medium and 
f in e  g rad es  o f l im e s to n e , as  w e l l  as  b u rn t lim e and h y d ra te d  li io e .
Each o f th e se  f iv e  l in in g  m a te r ia ls  was a p p lie d  a t  two w id e ly  d i f f e r e n t  
r a t e s .  The e f f e c t s  o f th e se  v a r io u s  lim in g  tre a tm e n ts  on crop  re sp o n s e , 
s o i l  pH v a lu e s , and ex ch an g eab le  c a t io n s  ¥/ere exam ined ov means o f  
f i e l d  p lo t  te c h n iq u e  and la b o ra to ry  a n a ly s e s .
I t  was r e p o r te d  from th e  s o i l  pH in v e s t ig a t io n s  t h a t  a l l  
lim in g  tre a tm e n ts  employed in c re a se d  th e  s o i l  pH above th e  pH v a lu e  o f 
th e  u n tre a te d  s o i l s .  However, th e  d i f f e r e n c e s  w ith in  th e  v a r io u s  
lim in g  tre a tm e n ts  w ere n o t shovm to  be v e ry  g r e a t .  The h y d ra ted  form, 
o f  lim e v?as shown to  g ive  th e  g r e a t e s t  e f f e c t  on the s o i l  pH v a lu e*
The d i f f e r e n t  g rad es  o f f in e n e s s  o f  lim e sto n e  in  th e  h e a v ie r  a p p l ic a t io n  
r a t e s  u sed  in  t h i s  in v e s t ig a t io n  d id  n o t g ive s i g n i f i c a n t  d i f f e r e n c e s  to  
s o i l  pH, I t  was concluded  t h a t  an  in c re a s e  in  th e  q u a n t i ty  o f lim in g  
m a te r ia l  added to  th e  s o i l  p roduced a  l a r g e r  in c re a s e  in  s o i l  pH, The 
g r e a te s t  change in  s o i l  r e a c t io n  was shewn to  o ccu r w i th in  th e  f i r s t  two 
to  fo u r  months a f t e r  th e  lim in g  t r e a tm e n t .
The d a ta ,  co n ce rn in g  th e  in f lu e n c e  o f lim in g  upon th e  ex ch an g eab le  
c a t io n s ,  in d ic a te d  t h a t  lim in g  r e s u l te d  in  a  d e c re a se  o f  ex ch an g eab le  
hydrogen in  th e  s o i l s  t r e a t e d  w ith  b o th  l i g h t  and heavy a p p l ic a t io n s  of 
lim e when compared w ith  th e  u n tr e a te d  s o i l s .  I t  was e s tim a te d  t h a t  
a p p ro x im a te ly  two m i l l ie q u iv a lo n ts  o f th e  lim in g  m a te r ia ls  u sed  were r e ­
q u ire d  to  re p la c e  one m i l l i e q u iv a lc n t  o f  exchan '©able hydro ■•en f o r  th e  
a c id  s o i l s  s tu d ie d .  S o i ls  t r e a t e d  w ith  heavy a n p l i  c a t  io n s  o f  lira© showed 
a  s i g n i f i c a n t  in c re a s e  i n  ex changeab le  ca lc iu m  above th e  v a lu e s  o f th e  
u n tr e a te d  s o i l s . The d a t a ,  as  a n a ly z e d  f o r  a l l  th e  s o i l  ty p e s ,  showed 
no s i g n i f i c a n t  change in  ex changeab le  p o ta ss iu m , magnesium, o r manganese 
w ith  th e  lim in g  tre a tm e n ts  em ployed.
The r e s u l t s  in d ic a te d  t h a t  th e r e  was no g e n e ra l  d e c re a se  in  th e  
a b i l i t y  o f any of th e  lim e form s to  p e r s i s t  in  th e  s o i l  o v er th e  th r e e  
y e a r  p e r io d .
The hay y ie ld s  of t h i s  ex p erim en t were g e n e ra l ly  in c re a s e d  by 
l im in g . The h e a v ie r  r a te  o f a p p l ic a t io n  d id  n o t g iv e  as  g r e a t  a hay 
re sp o n se  a s  th e  l i g h t e r  a p p l i c a t i o n .  T his ex p erim en t showed no tre n d  
tow ard  in c re a se d  y ie ld s  of co rn  or w h ea t.
A d i r e c t  r e l a t io n s h ip  betw een th e  pH and p e rc e n ta g e  h y d ro g en - 
s a tu r a t i o n  was shown to  e x i s t  f o r  a  la rg e  group o f  M aryland s o i l s .  By 
use  o f t h i s  pH and p e rc e n ta g e  h y d ro g e n -s& tu ra tio n  r e l a t i o n s h i p ,  a  r a p id  
and an Improved m ethod of e s t im a t in g  th e  lim e needs o f M aryland s o i l s  
was p ro p o sed .
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xmmmrxon
Lijae i s  a t  p resen t and ha©- been in  th e  p a s t  one ©i" th e most 
im p o rta n t s o i l  amendments* I t s  u se  was re co rd e d  a s  am  o f  th e  e a r l i e s t  
a g r i c u l t u r a l  p r a c t ic e s *  In a n c ie n t  tim es  i t  was noted t h a t  an  a p p l ic ­
a t io n  o f  lim in g  m a te r ia l  to  c e r t a in  s o i l s  in c re a s e d  th e  c ro p  y ie ld s *
I t  i s  now known t h a t  lim e b e n e f i t s  th e  s o i l  n o t o n ly  by c o r r e c t in g  
a c i d i t y  b u t a l s o  by su p p ly in g  th e  m ajor n u t r i e n t  e lem en ts  o f ca lc ium  
and magnesium, and im proving th e  s o i l ' s  p h y s ic a l  c o n d i t io n .  I t  b r in g s  
about more fa v o ra b le  c o n d it io n s  f o r  s o i l  m icro-organism s and g e n e r a l ly  
prom otes optimum c o n d it io n s  o f  c e r t a in  e s s e n t i a l  e lem en ts  f o r  p l a n t  
g row th . The p re s e n t  im portance  o f  lim in g  i s  shown by th e  consum ption 
o f  29 ,ii62 ,200  to n s  (35) in  th e  U nited  S ta te s  d u r in g  19L}6* M aryland a lo n e  
u se d  280 ,000  to n s  ( 12) o f l in in g  m a te r ia ls  in  1918*
In th e  U nited  S t a t e s ,  lim e in v e s t ig a t io n s  were among th e  f i r s t  
a g r i c u l t u r a l  experim ents re c o rd e d , th e  f i r s t  ex p erim en ts  on lim e in  
M aryland were made in  1839 a t  th e  Maryland A g r ic u ltu r a l Experiment S ta t io n *  
The work o f  V eitch  (6 1 ) in  1389 upon th e  lim e requirem ents o f s o i l s  was 
a c c e p te d  a s  a c l a s s i c  o f th e  tim e* However, no t r u l y  com parative lim in g  
s tu d ie s  have been c a r r i e d  o u t on th e  v a r io u s  p rom inent s o i l s  th ro u g h o u t 
M aryland.
D esp ite th e  abundance o f  w orld-w ide lim e i n v e s t ig a t io n s ,  th e  
fu n c tio n s  and r e a c t io n s  o f  lim e in  a  s o i l  a r e  n o t to o  w e l l  u n d e rs to o d .
The s o i l s  o f th e  U n ited  S ta te s  v a ry  co n sia era b ly  in  o r ig in ,  t e x t u r e ,  
p r o f i l e  d evelopm en t, crop ad ap ta tion s and u s e .  These d i f f e r e n c e s  have 
b ro u g h t ab o u t v a ry in g  co n cep ts  re g a rd in g  th e  u se s  o f  lim ing m a te r ia ls . 
F u rth e rm o re , th e  r e s u l t s  o f  lim in g  s tu d ie s  in  one s t a t e  may o r  may n o t 
be a p p l ic a b le  to  t;.ie s o i l s  o f  a n o th e r  s t a t e .  T h is  i s  due t o  s o i l  and 
environm ental d if f e r e n c e s  between th e variou s s t a t e s  * These d if f e r e n c e s ,
co u p led  w ith  th e  c o n t r o v e r s ia l  n a tu re  o f  many o f  th e  lim in g  e f f e c t s ,  
have in d ic a te d  th e  need  f o r  f u r th e r  lim in g  s tu d ie s  in  M aryland*
The M aryland s o i l  t e s t i n g  la b o ra to ry  made a p p ro x im a te ly  
6,5>00 a n a ly s e s  f o r  th e  fa rm ers  o f  th e  s t a t e  in  19li9# F u tu re  p ro s p e c ts  
a r e  f o r  an  even g r e a te r  demand f o r  t h i s  s e r v i c e .  In  n e a r ly  a l l  c a se s  
th e  fa rm er w ants th e  t e s t i n g  la b o r a to ry  to  recommend th e  amount o f  
lim e m a te r ia l  to  a p p ly  to  h is  s o i l .  T his has le d  to  a  d e f i n i t e  need 
f o r  an  im proved, r a p id  p ro ced u re  f o r  lim e recom m endations*
I t  has been  e s tim a te d  on th e  b a s is  o f p a s t  e x p e r ie n c e  t h a t  
lime consum ption  in  M aryland sh o u ld  be ap p ro x im a te ly  d o u b le d . In  o rd e r  
t o  in c re a s e  th e  consum ption o f lim in g  m a te r ia ls  I t  i s  n ecessary  t o  f u r ­
th e r  show th e  fa rm er th e  b e n e f i t s  o f  l im in g . I f  a  more e f f i c i e n t  s y s ­
tem o f lim in g  M aryland s o i l s  can be fo u n d , th e  farmer w i l l  be more e a s i l y  
co n v in ced  o f i t s  t r u e  v a lu e .  This r e s e a rc h  p r o je c t  was d e s ig n e d  t o  
in v e s t i g a t e  lim in g  on some o f  the prom inen t s o i l s  o f  th e  s t a t e  and to  
s e rv e  a s  a  r e fe r e n c e  f o r  M aryland a g r i c u l t u r a l  w orkers  in  recommending 
lim in g  p r a c t i c e s •
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REV IT.  ̂ Or THE LITERATURE
H is to r ic a l
Edmund R u ffin  (1*7), a  p r a c t i c a l  fa rm er o f  V i r g in ia ,  was a p p a r­
e n t ly  th e  f i r s t  Am erican to  r e p o r t  on lim e usage# T h is  fa rm e r conducted  
some p r a c t i c a l  f i e l d  ex p e rim en ts  w ith  lim e and w ro te  an e s s a y  on c a lc a r - ,  
eons m anures in  18^2 .  . h e e l e r  ( 6£) u s u a l ly  r e c e iv e s  creti.it f o r  th e  su s ­
ta in e d  a p p r e c ia t io n  o f  th e  v a lu e  and need f o r  lim e in  t h i s  co u n try . Hie 
Maryland A g r ic u l tu r a l  Experim ent f  t a t  io n  p u b lish e d  work by a t t e r s o n  (3 9 ) 
on th e  o c cu rre n c e  and co m p o sitio n  of lim e in  M aryland in  1900. L a te r ,  
P a t te r s o n  (1*0) showed th e  u se  o f lim e to  be eco n o m ica lly  f e a s ib le  to  the  
f a rm e r .  The problem  o f  lim e lo s s  from th e  s o i l  was in v e s t ig a te d  by- 
B roughton  ( 7 ) .  T h is  w orker found t h a t  th e  lo s s e s  o f v a r io u s  form s o f  
lim e th ro u g h  d ra in a g e  were in  th e  fo llo w in g  o rd e rs  gypsum, m agnesia l im e , 
and ca lc iu m  l im e . B rough ton , W illiam s, and f r a z e r  ( 8 ) s tu d ie d  th e  e f f e c t s  
o f  d i f f e r e n t  g rad es  o f  f in e n e s s  o f  ground lim eston e*  Tho use o f  lim e f o r  
to b a c c o  c ro p s  was exam ined by a r n a r  and Brown ( 111)* M cCall (3 ?) made a  
s tu d y  o f  d i f f e r e n t  form s o f  l im e . He ran k ed  p u lv e r is e d  lim e s to n e  over 
p u lv e r iz e d  o y s te r  s h e l l  and b u rn t  lim e in  in c r e a s in g  th e  y i e ld  o f a l f a l f a  
on th e  © aste rn  sh o re  o f M aryland. P ro b ab ly  th e  o u tstan d in g  c o n t r ib u t io n  
o f tiie  tim e  in  u n d e rs ta n d in g  s o i l  a c i d i t y  and lim in g  was by f ru o g  (6 o ) .
The r e l a t i v e  v a lu e  o f  d i f f e r e n t  form s and d e g re e s  o f  f in e n e s s  o f  lim in g  
m a te r ia l  on s o i l  improvement was s tu d ie d  fay # h ite  and G ardner ( 6 6 ) ,  and 
l a t e r  by f i e g e r  (13) in  1921* • Many o th e r  im p o rta n t c o n t r ib u t io n s  t o  
e a r l y  lim in g  knowledge w ere mad# in  s tu d ie s  o f c ro p  re sp o n se s  t o  l im e . 
Seine o f  th e s e  were made by Joff©  (20) and H utcheson and w olfe ( 1 9 ) .
The d a n g e rs  o f o v e r lim in g  due t o  th e  n o n a v a i l a b i l i t y  o f  c e r t a i n  e s s e n t i a l  
m inor element© has been s t r e s s e d  by Peeeh ( 1 1 ) .  H a f te l  (36) and P arks 
(3 3 ) have shown from f i e l d  and la b o r a to ry  r e s u l t s  t h a t  an o v e rlim in g
i n j u r y  can  r e s u l t  fro®  a  boron d e f ic ie n c y .
In f lu e n c e  o f Lim ine on pH
th e  b u lk  o f r e s e a r c h  in  lim e problem s h as  revo lved  a b o u t s tu d ie s  
o f  th e  hydrogen-ion c o n c e n tr a t io n .  Sourway (gh) com piled  a  co n v en ien t 
c h a r t  r e l a t i n g  th e  eotimum pH v a lu e s  o f  th e  s o i l  f o r  s p e c i f i c  p l a n t s ,  
t h i s  work in c lu d e d  th e  m a jo r i ty  o f our im p o rtan t a g r i c u l t u r a l  c ro p s .  One 
o f  th e  e a r l i e s t  s tu d ie s  o f  h y d ro g en -io n  c o n c e n tra t io n  was by F ie g e r  (13 )*  
This w orker concluded  t h a t ,  w ith  no e x c e p t io n s , a l l  o f  th e  lim e sto n e  app­
l i c a t i o n s  in c re a s e d  th e  pH v a lu e  o f each  s o i l  t e s t e d ,  from h is  lim in g  
ex p erim en t he a l s o  g e n e ra l iz e d  t h a t  s o i l  pH d e c re a se d  r e g u la r ly  w ith  th e  
d ep th  o f  th e  s o i l  sam pled . F urther, F ieger  s t a t e d  t h a t  th e  f i n e r  th e  
s t a t e  o f  d iv i s io n  o f th e  m a te r ia l  added to  th e  t e s t  p lo ts  th e  g r e a te r  
was i t s  e f f e c t  on th e  h y d ro g en -io n  c o n c e n tra tio n *  Barnes (3 )  fro®  h is  
work in  Ohio concluded t h a t  th e  h e a v ie s t  te x tu re d  s o i l  showed l e s s  change 
in  pH v a lu e  p e r  u n i t  o f  lim in g  m a te r ia l  th a n  d id  t h e , s o i l s  o f  a  l i g h t e r  
te x tu re *  A more in c lu s iv e  problem  was u n d e rtak en  by, Brown and '* u n se ll 
(9) who made e x te n s iv e  observation®  o f  th e  lim e e f f e c t  upon s o i l s  sam­
p le d  a t  many r e g u la r  d e p th s .  They a l s o  in v e s t ig a te d  e f f e c t s  o f  v a r io u s  
methods o f  in c o rp o ra t in g  liimt w ith  th e  s o i l .  Lyon (29)  s tu d ie d  the r e l ­
a t i v e  e f f e c t iv e n e s s  o f  d if f e r e n t  g rad es  o f f in e n e s s  in  r a i s in g  th e  s o i l  o f 
pH va lu e*  He concluded  t h a t  th e  r a t e  a t  w hich lim esto n e  in c re a s e d  s o i l  ;J1 
was dependen t on i t s  d eg ree  o f f in e n e s s .  S im ila r  r e s u l t s  w ere o b ta in e d  by 
s h i t e  and Oardner (6 6 ) ,  w alker and Brown ( 63 ) ,  P ie r r e  (Ii5 ), and w illiam s  
( 6I4) • w orkers in  o th e r  s t a t e s  have i n i t i a t e d  s im i l a r  r e s e a r c h  p r o je c ts  
s tu d y in g  th e  e f f e c t s  o f  lim in g  m a te r ia ls  on th e  pH v a lu e s  o f t h e i r  p a r ­
t ic u la r  s o i l s .  S c h o lia n b e rg e r  ( iC ) in  Ohio showed th a t f in e r  ground 
lim e s to n e  gave a  g r e a te r  pH e f f e c t  th a n  th e  c o a r s e r  m a te r ia l .  S tevenson
(£ 6 ) in  Iowa concluded  t h a t  th e  lim e req u ire m e n t o f  a  © o ils  was n o t in ­
c re a se d  by o rg a n ic  tre a tm e n ts *  B la i r  (I*) and a l s o  d o ffe  (2 1 ) s tu d ie d  th e  
r e l a t i o n  o f pll t o  lim e requirem ent f o r  hew ^ e rse y  s o i l s *  The fo rm er 
w orkers concluded 'from  t h e i r  work t h a t  lim e re q u ire m e n t co u ld  be p r e d ic te d  
d ir e c t ly  from pH v a lu e s  w h ile  th e  l a t t e r  s c i e n t i s t  d is a g re e d  w ith  t h i s  
c o n c lu s io n .
R e la t io n  o f  Base S a tu ra t io n  to  pH
P ie r r e  and S carseth  (1*6) s tu d ie d  th e  p e rc e n ta g e  base  s a tu r a t i o n  
o f s o i l  In r e l a t i o n  to . pH v a lu e s .  They showed t h a t  in  many s o i l s  o f th e  
sasm pii v a lu e  had the same percentage base s a tu r a t i o n  o f  th e exchange 
com plex• These workers a ls o  concluded  t h a t  s o i l s  o f  d i f f e r e n t  m ineral 
com position  w ith  th e  same pH v a lu e  co u ld  vary c o n s id e ra b ly  in  t h e i r  p e r ­
cen tag e  b ^se  sa tu ra tio n *  T his r e la t io n s h ip  betw een pH v a lu e  and p e rc e n t­
age o f  base  s a tu r a t i o n  i s  fu r th er  su b sta n tia te d  by Uerkl© ( 31; ) ,  Mbhlieh 
(3 3 ) ,  Pecch (h i)*  and Peech and B ra d fie ld  (1*3)*
4
In flu en ce  o f  Lime on Exchangeable C ations
There a re  many r e f e r e n c e s  in  th e  l i t e r a t u r e  concern ing th e  e f f e c t  
o f  lim e on th e  ex ch an g eab le  c a t io n s  o f  a s o i l*  There 1© l i t t l e  agreem ent 
upon th e  e f f e c t  o f lim in g  m a te r ia ls  on exch an g eab le  potassium * S i l l ig a n  
(16) concluded th a t lim in g  in c re a se d  th e  r e p la c e a b le  p o ta ss iu m  by re d u c in g  
lea ch in g  lo s s e s *  Abel and Hagis ta d  (1) a ls o  cla im ed  t h a t  lim in g  in c re a s e d  
r e p la c e a b le  p o ta ss iu m , b u t t h a t  th e  im proved c ro p  y ie ld  removed more 
potassium  fro© th e  limed s o i l s .  These view s are opposed by S n id e r  (£3)  
who re p o r te d  low er r e p la c e a b le  p o ta ss iu m  on h e a v ie r  lim ed s o i l s  than on 
h ig h ly  lim ed s o i l s *  Brewer and liankin ( 6 ) co n cu rred  w ith  th e  f in d in g s  o f  
S n id e r .  On th e  o th e r  h an d , York and Rogers ( 6?) concluded  t h a t  th e  add™
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i t i o n  o f  lim e t o  a  s o i l  co u ld  r e s u l t  in  an  in c re a s e  o r a  d e c re a se  in  
a v a i la b le  p o tass iu m  depending  on th e  a b i l i t y  o f  th e  s o i l  t o  f i x  a p p lie d  
p o ta ss iu m  and on th e  k in d , am ount, and s o l u b i l i t y  o f p o ta ss iu m -b e a rin g  
m in e ra ls  in  th e  p a r t i c u l a r  s o i l .  O ther work co n cern in g  th e  in f lu e n c e  
o f  lim in g  m a te r ia ls  upon th e  a v a i l a b i l i t y  o f  p o tass iu m  has been c o n t r ib ­
u te d  by M a c In tire  and h i s  co -w orkers  (2 6 ) ,  (2 7 ) , (2 8 ) , (29) who concluded  
t h a t  lim e e x e r te d  a  r e p r e s s iv e  e f f e c t  on th e  s o l u b i l i t y  of s o i l  p o ta ss iu m . 
A ccording  to  Volk (62) lim in g  le d  to  th e  com bination  o f p o tass iu m  i n to  
th e  in s o lu b le  p o tass iu m  alum ina s i l i c a t e .  Peech and b ra d f ie Id  ( 1 2 ) 
th o u g h t lim e m ight d e c re a se  th e  a v a i l a b i l i t y  o f  s o i l  p o ta ss iu m  by i n i t i a t i n g  
th e  p ro c e ss  o f  t r a n s fo rm a tio n  o f  exchangeab le  p o tass iu m  t o  th e  nonexchange­
a b le  fo rm s .
Dion and Mann (1 1 ) and a l s o  Lf&nn and Q u a s te l  (3 0 ) have advanced  
a  th e o ry  to  e x p la in  th e  n o n a v a i l a b i l i t y  o f manganese a f t e r  lim ing*  They 
s t a t e d  t h a t  th e r e  i s  an  a u tc x id a t io n  o f th e  a v a i la b le  d iv a le n t  manganese 
t o  in s o lu b le  o r  n o n a v a ila b le  manganese d io x id e  a t  a  pH v a lu e  above e ig h t*
In  l e s s  a lk a l in e  s o i l s  th e  d iv a le n t  manganese i s  o x id is e d  to  n o n a v a ila b le  
t r i v a l e n t  manganese o x id e . Manganese a v a i l a b i l i t y  i s  a l s o  d is c u s s e d  by 
Sherman ( 5 2 ) ,  b eep er ( 2 3 ) ,  and S teen b jerg  (55) who a t t r i b u t e  th e  d e c re a se  
o f  m anganese upon lim in g  to  th e  o x id a t io n  o f  th e  d iv a le n t  form  to  a  h ig h e r  
in s o lu b le  v a le n c y .
Lime Recommendation P ro ced u res
v a r io u s  methods o f  making lim in g  recom m endations have been  used  
by d i f f e r e n t  i n v e s t i g a t o r s .  One o f th e  f i r s t  s tu d ie s  on th e  e s t im a t io n  
o f lim e requireEaent was t h a t  o f V eitch  ( 6 l )  i n  1902. V eite h  d ev e lo p ed  a 
method o f p r e d ic t in g  th e  lim e re q u ire m e n t o f  a s o i l  from th e  e s t im a t io n  
o f  i t s  a c i d i t y  by t i t r a t i o n  w ith  a  s ta n d a rd  s o lu t io n  o f  lim e w a te r .  O ther
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app ro x im ate  methods o f lim e recom m endation w ere d e v ise d  by Truog ($ 9 )  in  
1915 and Comber (1 0 ) in  1?20 . Truog's t e s t  was based  on th e  r e a c t io n  o f  
z in c  s u l f i d e  w ith  s o i l  a c id s  to  form  hydrogen s u l f i d e  w hich cou ld  be d e te c te d  
w ith  le a d  a c e ta te  p a p e r . Comber’s  p r in c ip le  was based  on th e  s o l u b i l i t y  
o f  i r o n  in  an a c id  s o i l .  T his s o lu b le  i ro n  was d e te c te d  w ith  p o ta ss iu m  
th io c y a n a te , th u s  g iv in g  an  e s tim a te  o f  th e  s o i l  a c i d i t y .  L a te r ,  J o f f e  
(2 1 ) and Johnson (22)  concluded  t h a t  lim e requirem ent co u ld  n o t be d i r e c t l y  
p r e d ic te d  from  th e  pH v a lu e  o f a  s o i l .  H ardy (17) conducted  an ex p erim en t 
on th e  su g a r cane s o i l s  o f  T r ip le a d .  from h is  r e s u l t s  Hardy c o n s tru c te d  
sim ple e m p ir ic a l  g raphs c o r r e l a t i n g  th e  lim e req u irem en t w ith  th e  pH 
v a lu e  o f th e  e x p e r im e n ta l p l o t s .  Hardy and Lewis ( IS )  d ev elo p ed  a  r a p id  
e le c t r o m e t r ic  method f o r  m easuring  th e  lim e re q u ire m e n t o f  s o i l s .  An 
© v a lu a tio n  o f  lim esto n e  f o r  lim e recom m endations was developed by S c h o ll-  
enberger and S a l t e r  (U 9). This e v a lu a t io n  b ro u g h t th e  v a r ia b le s  o f  
c o m p o sitio n , tim e f o r  th e  d e s ir e d  r e a c t io n ,  and f in e n e s s  o f m a te r ia ls  t o ­
g e th e r  f o r  th e  p r a c t i c a l  u se  o f lim e recom m endations to  fa rm e rs .  P ro b ab ly  
th e  m ost a c c u ra te  means o f  e s t im a t in g  th e  lim e re q u ire m e n ts  o f  so il®  was 
th e  ch em ica l method d e v ise d  by ecch  and H ra d fie ld  (H 3), This method 
in v o lv e s  o n ly  a  pH measurement o f th e  s o i l  a lo n g  w ith  th e  u se  o f  e m p ir i­
c a l l y  determ ined c o n s ta n ts .
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The s o i l s  s e le c te d  f o r  t h i s  s tu d y  d i f f e r e d  w id e ly  in  s o i l  
p r o f i l e  c h a r a c t e r i s t i c s ,  f o i l s  r e p r e s e n ta t iv e  o f  th e  im portant ag­
r ic u l tu r a l  a r e a s  o f th e  s t a t e  were chosen* There w ere n in e  s o i l s  o f  
e ig h t  d i f f e r e n t  s o i l  ty p e s  s e le c t e d .  The lo c a t io n  and s o i l  type o f 
each  o f th e  t e s t  farm s a r e  shown in  T able 1 . f ig u r e  1 shows th e  
app rox im ate  lo c a t io n  o f th e s e  s o i l s  on an  o u t l in e  map o f  th e  s t a t e .  
In  T able 2 th e  ch em ica l a n a ly s e s  o f th e  s u r fa c e  s o i l s  p r io r  to  lim e 
tre a tm e n t  a re  p re se n te d  f o r  th e  n in e  d i f f e r e n t  l o c a t io n s .
TABUS 1
L o ca tio n  and S o i l  Type o f E x p e rim en ta l r i o t s
Farm Location  
by Towns
County S o i l  Type
P r in c e s s  Anne S om erset lia tta p e x  s i l t  loam
S a i l s  b u ry Wicomico Matawan sandy  loam
Cordova T a lb o t Matawan sandy ioa®
Gheste rto w n Kent S a s s a f ra s  s i l t  loam
M arlboro Prince George Monmouth loamy sand
J a r r ^ t s v i l l e H arfo rd d le n e lg  loam
S parks B a ltim o re C h ester  s i l t  loam
F re d e r ic k F re d e r ic k B uffi© Id  s i l t  loam
j H agerstow n W ashington 'fmory s i l t  loam
1
Figure 1
Geographical Location o f  Experimental P lo ts






Q R efers to lo c a tio n  o f  towns
o *
P rin cess Anni
/  R efers to lo c a tio n  o f experiment farms
so
T m u  2
Exchangeable Cations and T o ta l Exchange Capacity of t:ie
Surface S o il  on the P lo t  Areas P r io r  to  h im  Treatment
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Liming -Materials
Three ch em ica l form s o f  agr '- c u l tu r a l  lim in g  m a te r ia l  were u s e d .
The f i r s t  form was ground lim esto n e  which i s  p red o m in a n tly  calcium , c a r ­
b onate*  G round liases to n e  was chosen  because i t  i s  th e  m ajor lim in g  m a te r ia l  
u sed  in  M aryland and co u ld  be o b ta in e d  in  v a ry in g  d e g re e s  o f f in e n e s s *
T h is  s tu d y  in c lu d e d  th r e e  g rad es  o f  lim esto n e  whose s ie v e  a n a ly s e s  a re  
shown in  T able 3*
TABUS 3
S iev e  A n a ly s is  o f  th e  Three Lim estone G rades 
Used in  the  Liming T rea tm en ts
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!i.B 2 • 
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2 0 .1 3
3 7 .0 0
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S eco n d ly , th e  b u rn t lim e form  o f m a te r ia l ,  which i s  m o stly  ca lc iu m  oxide  
o b ta in e d  from th e  k i ln - h e a t in g  o f  l im e s to n e , was in c lu d e d  in  th e s e  f i e l d  
t e s t s .  The t h i r d  m a te r ia l  added was h y d ra te d  lim e w hich i s  fundam ent­
a l l y  ca lc iu m  h y d ro x id e . The l a t t e r  two ch em ica l form s a r e  th o u g h t to  
g ive  a  more ra p id  r e a c t io n  w ith  th e  s o i l  a s  th e y  a re  more s o lu b le  th a n  
th e  lim esto n e  fo rm .
D e te rm in a tio n  o f  Q u a n titie s  o f  Lime A pplied
B ray and D etu rk  ( CJ) found t h a t  th e  sum o f  th e  ca lc iu m  and mag­
nesium  on th e  exchange com plex was a p p ro x im a te ly  30 p e r  c e n t o f  th e  t o t a l
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exchange c a p a c i ty  o f th e  © o il a t  o r  n e a r  n e u t r a l i t y .  As a  s t a r t i n g  p o in t  
in  t h i s  ex p erim en t t h i s  c r i i r r i u m  was assumed to  be th e  optimum c o n d i t io n .  
Tim s, based  on th e  ch em ica l a n a ly s is  o f th e  u n trea ted  s o i l ,  and assum ing 
com plete s o l u b i l i t y  o f th e  lim e , th e  amount o f lim e n e c e s s a ry  to  a t t a i n  an 
80 per c e n t ca lc ium  p lu s  magnesium s a tu r a t i o n  o f  th e  t o t a l  exchange c a p a c i ty  
was a p p l i e d .  L ik ew ise , in  a  second trea tm en t, enough lim e to  g ive  a  160 
p e r  c e n t  s a tu r a t i o n  o f th e  t o t a l  exchange c a p a c i ty  was a p p lie d *  T his gave 
two l e v e l s  o f  c h e m ic a lly  e q u iv a le n t  w e ig h ts  o f  th e  v a r io u s  m a ter ia ls  so  
t h a t  th e  e f f e c t  o f  q u a n t i ty  co u ld  be observed  upon th e  s o i l .  In th e  c a se s  
o f  Emory s i l t  loam  and D u ffle  id  s i l t  loam , th e  s o i l  a l r e a d y  had a  s a tu r a t i o n  
o f  th e  exchange complex o f  50 p e r  c e n t .  In  th ese  in s ta n c e s ,  th e  l i g h t e r  
treatm en ts were o m itte d  and o n ly  th e  h e a v ie r  a p p l ic a t io n s  made.
F u rth e rm o re , based  on th e  work o f Loew (2 1 ) ,  th e r e  a r e  some who 
f e e l  t h a t  th e  r a t i o  o f  ca lc ium  to  magnesium in  th e  exchange complex m ight 
have an a p p re c ia b le  e f f e c t  upon crop  grow th . In  acco rd an ce  w ith  h is  v iew s , 
t h i s  v a lu e  was a d ju s te d  to  an  ap p ro x im ate  1 0 :1  r a t i o  so  t h a t  t h i s  would 
n o t be a  v a r i a b le  in  th e  c o n s id e ra t io n  o f  th e  r e s u l t s .  The exch an g eab le  
ca lc iu m  and magnesium was d e te rm in ed  on th e  s o i l  from each  group o f t e s t  
p l o t s .  A m ix tu re  o f h ig h -c a lc iu m  lim e and d o lo m itic  lim e wh:eh would 
g ive  a  I Q i i  r a t i o  o f  ca lc iu m  to  magnesium In  th e  exchange complex o f s o i l s  
was th e n  a p p l i e d .
E x p e rim en ta l F lo ta
The lo c a t io n ,  s o i l  ty p e ,  and c ro p s  o f  each  o f th e  t e s t  farm s 
a re  shown in  T able 1 .  The e x p e r im e n ta l p lo t s  on th e se  farms were t r e a t e d  
in  19h7 w ith  th e  e x c e p tio n  o f  th e  farm  n e a r  M arlb o ro . The p lo t s  on t h i s  
farm  w ere s t a r t e d  in  191*9. I t  was im p o ss ib le  t o  keep the method and tim e  
o f a p p l i c a t io n  as  in v a r ia b le ®  s in c e  th e  c o o p e ra tin g  farm s were u n d er
e n t i r e l y  d i f f e r e n t  system s and farming p ra ctice® . Ic e  method o f  a p p l i ­
c a t io n  was n e c e s s a r i ly  changed in  o rd e r  to  f i t  in to  th e  sch ed u le  and 
methods p r a c t ic e d  by each  o f  the in d iv id u a l f a rm e rs .  In  T able  a  
summary i s  p re s e n te d  o f  th e  a p p l ic a t io n  m ethods, th e  tim e o f  th e  a p p l i c a t i o n ,  
and th e  number o f  t e s t  p lo ts  upon each  o f  th e  t e s t  fa rm s .
TASK
Location o f P lo ts , S o i l  Type and Crops Oro*n Turing F ir s t ,  Second and Third Tear.
Farm Location 
by Towns






Princess Anne Mattapex s i l t  loam wheat Tiraothy-c lover Pasture
Salisbury iiatawan sandy ioam Clover Corn Corn
Cordova Matawan sandy loam Corn F heat Pasture
Chestertown Sassafras s i l t  loam Corn iiheat Timothy-c lover
fJarlboro lonaouth loamy sand (Ho Crop) A lfa lfa A lfa lfa
J a r r e tsv ille u lenelg  loam T imothy-c love r Corn Lheat
Sparks Chester s i l t  loam Com ftheat Lheat
Frederick D uffleId s i l t  loam Clover Corn Barley
Hagerstown Kmory s i l t  loam Ilmothy-c 1; ver Com < heat
TABLE 5
Method of Line A p p lica tio n , Time A pplied, and Number o f .’lo t s  Used In  This S tudy.
s o i l Method o f A pp lica tion Time Applied lim ber of P lo ts
Mattapex s i l t  loam 
P rin ce ss  Araie
Top d re ss in g  to  wheat Apr. 26,  191*7 1*4
flat&wan sandy loam 
S a lisb u ry
fop d re ss in g  to  c lo v er May 2 , 19 hi Ut
K&tawan sandy loam 
Cordova
Top d re ss in g  to  plowed f ie ld  and 
then d isked  in
Apr. 27, 191*7 1*1*
S assa fra s  s i l t  loam 
Chestertown
Top d re ss in g  to  plowed f i e ld  and 
then  d isked  in
May 19 /17 1*1*
Horuaouth loamy sand 
Marlboro
One h a l f  d isked  in  and then plowed 
under. Second h a lf  then  th o r ­
oughly in co rp o ra ted  by d isk in g
Aug. 25, 191*8 1*1+
GleneXg loam 
d a r r e t s v i l le
Top d re ss in g  to  hay crop Iky 19, 191*7 hh
C hester s i l t  loam 
Sparks
Top d ressed  and then flawed- coder Apr. 11, 1917 lilt
Duff ie  Id  s i l t  loam 
F red erick
Top dressed  to  c lo v e r sod Apr. 18, 19li 7 2b
Emory s i l t  loam 
Hagerstown
Top d re ss in g  to  hay crop May 10, 191*7 2h
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F ig u re s  2 th ro u g h  10 show th e  p a t te r n s  o f  th e ' p l o t  la y o u ts  
on each  fa rm . These p l o t s  ware v i r t u a l l y  o n e -h u n d red th  o f  an a c r e ,  
b e in g  Hi f e e t  wide and 31 f e e t  lo n g . The p l o t  t r e a tm e n ts  were n o t 
ran dom ised , b u t  were p la c e d  in  a  r e g u la r  o r d e r .  Each tre a tm e n t  was 
q u a d ru p lic a te d  on e v e ry  fa rm .
S o i l  Sam pling P rocedure
There was i n s u f f i c i e n t  tim e to  conduct a  ch em ica l a n a ly s is  
o f a l l  th e  p lo t s  on each  farm  so  o n ly  one o f th e  r e p l i c a t e s  o f  each  
t re a tm e n t  was sam p led . The f i r s t  sam pling  o f  th e  s o i l  was u n d e rtak e n  
two to  fo u r  months a f t e r  t re a tm e n t w hich was u s u a l ly  a f t e r  two o r  more 
pood r a i n s .  The second s o i l  sam pling  was made one y e a r  a f t e r  l im in g .
A t h i r d  sam pling  was c a r r i e d  o u t a f t e r  two y e a r s  and a f o u r th  sam pling  
u n d e rta k e n  th r e e  y e a rs  a f t e r  l im in g . S ince  th e  p lo t s  on th e  Monmouth 
s o i l  were s t a r t e d  a  y e a r  l a t e r ,  o n ly  th re e  s o i l  sam plings were mad© 
h e r e .  R ep resen ta tive  s o i l  sam ples o f  th e s e  p lo t s  were c o l le c te d  b y  th e  
method ad v o ca ted  by th e  A.O.A.C* (2 )  and ta k e n  to  th e  la b o r a to ry  f o r  
a n a l y s i s .  B oth s u r fa c e  s o i l  and s u b s o i l  were g a th e re d  from  th e  t r e a tm e n ts .  
The s u r f a c e  s o i l  was ta k e n  w ith  a  s o i l  auger a t  a  d e p th  o f 0 to  6 in c h e s  
on a l l  b u t th e  Monmouth loamy s a n d . As t h i s  was a deeper s o i l  i t  was 
sam pled from  0 t o  10 in c h e s .  The s u b s o i l  sam ples were ta k e n  a t  6 to  12 
in c h  d ep th s  in  a l l  p lo t s  e x c e p t th e  Monmouth s o i l  where a  d e p th  o f  10 to  
22 in c h e s  was sam pled . The h y d ra te d  lim e treatm ent on th e  S a s s a f r a s ,  
O len e lg , and C h e s te r  s o i l s  and th e  f in e  g rade o f  l im e s to n e s  ©it th e  S a s s ­
a f r a s  s o i l  w ere sam pled a t  regu lar  d e p th  i n t e r v a l s  o f  0 to  2 - in c h e s ,  2 
to  !{. in c h e s ,  i* to  6 in c h e s ,  and 6 to  10 in c h e s ,  r e s p e c t iv e ly ,  in  o rd e r  to  
d e te rm in e  th e  downward movement o f  lim e in  th e  s o i l .
Kigur© 2 P lo t  D esigns Showing th e  A rrangem ent o f P lo t s ,  s 'o rs o f Lime, and  
^ t e  o f  T reatm ent on Uatt&pex S i l t  Loam, Latawan Candy Loam 
( S a l i s b u r y ) ,  Hataman Sandy Loam (C o rd o v a), and S a s s a f ra s  S i l t  Loan
68 a -  \i 83 ......1 ?.... a ..,,.11.. ...... . 1
65 * 88 C -  L 23 2 C -  L
66 M -  H 85 28 M -  H 3
.67 36 II 25 8 M ~ 1
6a p ~ a 1*7 26 F » H 5
69 88 P -  L 27 6 P ** 1*
TO B -  ri 89 28 B -  il 7
71 $0 B -  L 29 8 B — L
72 Hy -  H S i 30 Hy -  H 9
73 5? Hy -  1 31 10 Hy -  h
78 Check 53 Check 32 Check XI Check
?5 C -  L 58 33 C -  L 1?
76 55 c -  i f 38 13 C -  H
7? M -  L 56 35 u  -  h 18
73 57 M -  K 36 15 11 -  11
79 P -  L 58 37 P -  L 16
BO 59 F — H 3 3 17 F — H
31 B -  L 6>0 39 B -  L 18
82 61 B -  II 80 X9 B -  H
83  Hy -  L 62 111 Hy ~ h 20
31 63 Hy -  11 h2 21 H y -  H
# U n le t te re d  p lo t s  have o th e r  t r e a t  taents n o t used  in  t h i s  s tu d y .
G r e f e r s  to  c o a rse  ground lim esto n e
%{ r e i 'e r s  to  m ediua ground lim e s to n e
P r e f e r s  to  f in e  ground lim esto n e
B r e f e r s  t o  burned  lim e
fly  r e fe r s  to  h y a ra te d  lim e
H r e f e r s  to  heavy r a t e  o f  lim e c a lc u la te d  to  g iv e  1601’ exchange 
s a tu r a t i o n
L r e fe r s  t o  low r a t e  o f lim e c a lc u la te d  to  g iv e  80i5 exchange 
s a tu r a t i o n  
Check r e f e r s  t o  no l in e  t re a tm e n t
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F igu re  3 P lo t  D esign  Shoeing  th e  A rrangem ent or P l o t s ,  Form® o f  Lime,
and R ate o f T reatm ent on Monmouth Loamy Band.
1 * IB Hy -  H 3 5 52 Hy -  H
2 C -  L 19 36 C -  L 53
3 20 B -  H 3? 51l B -  H
I* Check 21 38 M -  h 5 5  -
5 K ~ L 22 f  -  H . 39 56 F -  H
6 1 23 iiO F -  b 57 . j
? F -  L 2 h M ~ H h i  B -  L 53 if -  If
8 B -  L ?5 C -  H 142 Hy -  L 5 9  C — H
. 9  Hy -  L 26 Check h3 60 Hy -  L .
. 10 2? Hy -  I lih 0 '** »1 61
1 1  G- -  li 28 h5 62 B — L
[■■" 12 29 B -  L " lj6 Check 63
1 23 M -  H 30 hr M « H 6h F -  h
H4 31 F -  L 1*6 65 Check
- - 15 F -  H 32 19 F -  II 66
16 B ~ H 33 Sf -  L 50 B -  If 6? y -  L
' 1? %  -  H 31* C -  L ■ 51 Hy -  n 68 C « L
* U n le t te re d  p lo t s  have o th e r  tre a tm e n t n o t used in  t h i s  s tu d y .
C refer®  t o  c o a rse  ground lim e sto n e
S3 r e f e r s  t o  medium ground lim e sto n e
f  r e f e r s  to  f in e  ground lim e s to n e
B r e f e r s  t o  burned lim e
Hy r e f e r s  to  h y d ra ted  lim e
H r e f e r s  to  heavy r a t e  o f  lim e c a lc u la te d  to  g iv e  l 6() exchange 
s a tu r a t i o n
L r e f e r s  t o  low r a t e  o f lim e c a lc u la te d  to  g ive $Qt exchange 
s a tu r a t io n  
Check r e f e r s  t o  no lim e tre a tm e n t
F ig u re
■&r
k  P lo t  D esign Showing th e  A rra n g em en t o f P lo t s ,  Forms o f 1&®b0
and Rat© o f T rea tm en t on H-lenelg Loam,
21
5
Cheek la tfcr -  H 63. $j, Check
20 Hy -  H h i 62 -  L 83
19 h 0 Hy -  L 81 OS* Check
16 a  -  n • 39 60 B -  H o-»: > t Check
1? 3B B -  t 59
w
30 ’ & ~
1 6 . ? ~ H 3? . f" p *3 W F ~ II 1 2 .... „,
15 JO P — 1 .........51  -................. / u w «. r ■
11 M -  H 3$ 56 M -  II 77 . n
' 13 3h S.f f *■* 76-. M — £* "•
12. C -  H 33 56 C — Ii;
l l 32 C -  L 53
k ^ T1U KJ ~ n
1
10 fly -  L 31 :iy -  L «"3 "•*£ -5*
* 1 ^0 ky -  H 51 . __ ______ t.fi
IW _ tr• V ** |
1
B -  L 29 io 13 — L
1 . 1 28 P «. u** _  ).•;>______  _ __
,...
70 H11 ** 41
6 J* mm <Lj 27 )|8 *' -  £•
f> cu f  — H _.....i l l__________----- 66 r" -  M
h U ~ L 2f 1)6 M -  L 6 r .. . . ...:...
**J 11 M -  H . .  •’,? ............. 66 i,,; **
ryC U %j 23 Hi 0 ** I# 65 ,
1 22 C -  H i Ii3 61- C -  H. ........., .  .
U n le t te r e d  p lo t s  have o th e r  treatm ents n o t used  in  t h i s  study*
C r e f e r s  t o  c o a rse  ground lim e s to n e
M r e f e r s  t o  medium ground lim e s to n e
F r e f e r s  t o  f in e  ground lim es to n e
B r e f e r s  t o  burned lim e
IJy r e f e r s  to  hydrated lim e
B r e f e r s  to  heavy r a t e  o f  lim e c a lc u la te d  t o  g iv e  l 6o f exchange 
s a tu r a t i o n
L r e f e r s  t o  low r a t e  o f  lim e c a lc u la te d  to  g iv e  9o£ exchange 
s a tu r a t i o n  
Check r e f e r s  t o  no lim e treatm ent
j?X iijiiii. .
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* .U nlettered. p lo ts  have o th e r  trea tm en t no t used in  th i s  s tu d y  
C r e fe r s  to  coarse ground lim estone
U r e f e r s  t o  aiediua ground, i ia e s to n e
K r e fe r s  " to  f in e  ground lim estone"
B re fe r s  to  burned lime
Hy r e fe r s  to  hydrated lime
Yi r e fe r s  to  heavy r a te  o f lime c a lc u la te d  to  give %60:> exchange s a tu r a t io n
L r e f e r s  to  low r a te  of lisae c a lc u la te d  to  give exchanr;e s a tu ra t io n
Check r e fe r s  to  no lime trea tm en t
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F igu re  6 P lo t  D esign  Showing The Arrangement o f P l o t s ,  Forms of L im ,
ami R ate o f  T reatm ent on D uffi® Id  S i l t  Loam,
X * 12 C -  H 23 3ii C -  H
2 C — H 13 21} C -  H 35
3 11 if -  K 2? 36 if -  h
It K -  H 19 26 . M -  !I 37
r*b 16 F -  H 27 38 P -  H
6 F -  H 17 28 f  -  H 39
7 -Check 18 Check 29 Check liO Check
3 ' B -  H 19 30: B — H i a
9 20 B -  H 31 1*2 B -  II
10 Hy -  H 21 32 -  H 13
11 22 Hy -  H 33 Uli . Hy -  II
* U n le tte re d  p lo ts  have o th e r  tre a tm e n ts  n o t u sed  in  t h i s  s tu d y ,
C r e f e r s  to  c o a rse  ground lim esto n e
it r e f e r s  to  medium ground lim es to m
F r e f e r s  to  f in e  ground lim esto n e
B r e  fear® t o  b u rned  lim e
Hy r e f e r s  t o  h y d ra te d  lira®
H re fe r©  t o  heavy r a t e  o f  lim e c a lc u la te d  t o  g iv e  160*1
exchange s a tu r a t i o n  
Check r e f e r s  to  no lim e tre a tm e n t  .
F igure 1 P lo t  D esign Showing The Arrangement o f  P lo t s ,  Ponas o f U s e ,  
and R ate o f Treatment on Kraory S i l t  Loam.
1 Cheek 12 2„3 C -  H 3 h
2 C -  H 13 C -  H 2h 35 C -  H
3 * Hi 2$ M -  H 36
h M — H Id Check 26 37 M -  H
5 16 M -  H 27 Check 38 Check
6 F -  H 17 23 P -  H 39
7 Id  P — A 29 ho ¥ -  K -r
8 B -  H 19 30 B - H h i
9 20 B - H 31 hz B - H
0 1 33 21 32 Hy -  II h3
11 22 }ty -  H ! 33 Ut Hy -  H
* U n le tte re d  p lo t s  have o th e r  t r e a tm e n ts  n o t u sed  in  t h i s  s tu d y .
C r e f e r s  t o  c o a rse  ground lim e sto n e
M r e f e r s  to  medium ground lim e s to n e
¥ r e f e r s  t o  f in e  ground lim e s to n e
B r e f e r s  to  burned l in e
tty r e f e r s  t o  h y d ra ted  lim e
H r e f e r s  t o  heavy r a t e  o f  lim e c a lc u la te d  to  g iv e  16&£ 
exchange s a tu r a t i o n  
Check r e f e r s  to  no lim e treatm ent
?3
Laboratory Procedure
To in v e s t ig a te  th e  e f f e c t s  o f  lim ing; on th e  r e p la c e a b le  
c a t io n s  and th e  pH v a lu e s  th e  .fo llow ing  p ro ced u re  was u se d i The s o i l  
sam ples were a i r - d r i e d ,  p a ssed  th ro u g h  a  10-mosh s ie v e ,  and m ixed t o  
g ive  a  un ifo rm  sam ple* The pH v a lu e s  were ru n  w ith  a  Beckman pH m eter 
u s in g  & 2 i l  s o i l  t o  w a te r  r a t i o  as  o u t l in e d  by -Hason and G benshain (31)* 
The la b o r a to ry  d e te rm in a tio n s  o f ex ch an g eab le  c a t io n s  w ere made f o r  a l l  
s o i l  ty p e s  on sam ples tak en  two t o  fo u r  months a f t e r  th e  lim in g  m a te r ia l  
had been a p p lie d *  In  a d d i t io n ,  th e  S a s s a f ra s  s i l t  loam a t  C hestertow n 
and th e  l i g h t e r  te x tu r e d  Monmouth loamy sand a t  M arl o ro  were a l s o  an ­
a ly s e d  one y e a r  and two y e a rs  a f t e r  th e  lim ing*  These sam pling  i n t e r v a l s  
w ere u sed  t o  i n v e s t ig a te  th e  in f lu e n c e  o f th e  form  o f  lim e , In  re i& tlo n  
to  t im e , on c a t io n s  o f  th e  v a r io u s  s o i l s  s tu d ie d *  S in ce  no e f f e c t  o f  
lim in g  was observed  on th e  ex ch an g eab le  p o ta ss iu m  in  the f i r s t  s o i l  
sam p lin g , t h i s  c a t io n  was o m itte d  in  th e  su b seq u en t an a ly se s*  The 
v a l i d i t y  o f  t h i s  o m iss io n  was su p p o rte d  by work o f  Sen bup ta  ( p i )  on 
a  B e l t s v i i l e  s i l t  loam s o i l  in  M aryland* The ammonium a c e t a t e  method 
o f  S c h o lle n b e rg e r  and Simon {$■.)) wag used In  le a c h in g  th e  s o i l  t o  r e ­
p la c e  th e  ex ch an g eab le  c a t i o n s .  S c h o lle n b e rg e r  * a p ro ced u re  was a l s o  
em ployed to  d e te rm in e  th e  ex ch an g eab le  h y drogen , c a lc iu m , and manganese* 
Magnesium was d e te rm in e d  by th e  t i t a n  yellow  method ad v o ca ted  by b il la m  
(25) • D e te rm in a tio n  o f  p o tass iu m  was made by th e  f la a e p h o io a t? te r • The 
flam epho tons t e r  was a l s o  u sed  in  a n a ly z in g  th e  t o t a l  exchange c a p a c i ty .
In  t h i s  method th e  s o i l  was s a tu r a te d  w ith  p o ta ss iu m  by le a c h in g  w ith  
1 ?! p o tass iu m  c h lo r id e  and th e n  w ashing w ith  a lc o h o l  u n t i l  no t e s t  was 
g iv en  f o r  c h lo r id e s .  T his p o tass iu m  was d is p la c e d  by ammonium io n a  and 
su b se q u e n tly  d e te rm in ed  by th e  flam ephotom eter*
The pH v a lu e s  w ere d e te rm in ed  chi s o i l  sam ples ta k e n  in  19h7, 
IShB, 19h9 and  195°* exchangeable hydrogen , c a lc iu m , m an esiu ® , m n *  
panes© , -and p o tass iu m  w ere d e te rm in ed  fo r  a l l  s o i l s  in  the y e a r  t h a t  th e  
U s e  was a p p lie d *  H ydrogen, c a lc iu m , magnesium, manganese and pH v a lu es  
w ere d e te rm in e d  on th e  19b?, 1910, and 19b9 sam ples o f  S a s s a f ra s  s i l t  
loam , and on th e  1918, 1919, and 195>0 sam ples o f th e  Honnouth loamy sa n d . 
A ll  o f  th e s e  a n a ly s e s  w ere c a r r i e d  out in  d u p l i c a t e .
Method o f ,R e p o rtin g  Crop Y ie ld s
H arv est y i e ld s  w ere o b ta in e d  from  each  p lo t  in  o rd e r  t o  study  
th e  in f lu e n c e  o f  th e  v a r io u s  lim in g  m a te r ia ls  on th e  c ro p s .  These y ie ld s  
were ta k e n  f o r  a l l  farm s o v er a  th r e e - y e a r  p e r io d  e x c e p t f o r  th e  h le n e lg  
s o i l  w here o n ly  two y ea rs*  r e s u l t s  w ere obtained and th e  Monmouth s o i l  
f o r  w hich o n ly  one y e a r* s  y ie ld s  w ere ta k e n . Both th e  co rn  and hay y ie ld s  
w ere c o r r e c te d  to  a  ?"• per c e n t m o is tu re  b a s i s .  A l l  r e s u l t s  re p o r te d  a re  
an av erag e  o f fo u r  r e p l i c a t e s .  As th e se  p lo t s  w ere n o t random ised , s t a t ­
i s t i c a l  t re a tm e n t  c o u ld  n o t be a p p lie d  to  th e  r e s u l t® .  Th® cro p  y ie ld s  
war® com pared w ith  th e  c o rre sp o n d in g  pit v a lu e s  o f the  s o i l .
pH D eterm inations
The s o i l  pH v a lu e s  o f  th e  p lo t s  from a l l  o f  th e  farm s a re  pre­
sen ted  in  T ab les  6 th ro u g h  1 1 . The r e s u l t s  in  th e se  t a b l e s  a re  f o r  b o th  
th e  s u r fa c e  s o i l  and s u b s o i l .  The d a ta  in  T ab les  9 and 10 a r e  p lo t t e d  
in  F ig u re s  £>and 9 .  These f ig u r e s  seemed to  be r e p r e s e n ta t iv e  o f  th e  
g raphs o f  pH v e rsu s  lim e tre a tm e n t  f o r  a l l  s o i l s  s tu d i e d .
A summary o f  th e  e f f e c t  o f  l i g h t  and heavy lim e a p p l ic a t io n s  
on th e  pH v a lu e s  o f  th e  s u r fa c e  s o i l  i s  p re s e n te d  in  T ab les  15 th ro u g h  
1 8 . These d a ta  sheas? th e  in f lu e n c e  o f  th e  d i f f e r e n t  lim in g  t r e a tm e n ts ,  
th e  d i f f e r e n c e  betw een s o i l  ty p e s ,  and  th e  e f f e c t  o f  tim e on th e  pH 
v a lu e  o f  lim ed s o i l s .
F o r l i g h t  a p p l ic a t io n s  th e  r e s u l t s  in d ic a te  t h a t  a l l  o f  th e  
lim in g  m a te r ia ls  in c re a s e d  th e  s o i l  pH v a lu e s  s i g n i f i c a n t l y  above th e  
v a lu e s  o f  th e  u n t r e a te d  p l o t s .  A lso  th e  l i g h t  lim e a p p l i c a t io n s  o f  
h y d ra te d  and fin® lim e s to n e  t re a tm e n ts  showed a  s i g n i f i c a n t l y  h ig h e r  
s o i l  pH th a n  th e  c o a rse  and  medium lim e s to n e s*  The b u rn t lim e produced  
a  s o i l  pH w hich  was n o t a s  h ig h  a s  th e  pH from  th e  h y d ra te d  and f in e  
lim esto n es  b u t  h ig h e r  th a n  th e  s o i l  pH produced  by th e  medium and c o a rse  
lim esto n e , however i t  was n o t s ig n i f i c a n t ly  d i f f e r e n t  from  any o th e r  
t r e a tm e n t  e x c e p t th e  u n tr e a te d  p l o t .
For th e  heavy lim e a p p l ic a t io n s  a  s i g n i f i c a n t  s o i l  pH in c re a s e  
was shown by a l l  lim in g  m a te r ia ls  above th e  s o i l  pH o f th e  u n t r e a te d  
p l o t s .  The h y d ra te d  lim e gave a  s i g n i f i c a n t  in c r e a s e  in  s o i l  pi! o v er 
th e  th r e e  lim e s to n e  t r e a tm e n ts ,  b u t n o t o v e r th e  b u rn t lim e t r e a tm e n t .  
A lthough  b u rn t  lim e ten d ed  to  in c r e a s e  th e  s o i l  p H above th e  v a lu e s  from  
th e  lim e s to n e  t r e a tm e n ts ,  t h i s  in c r e a s e  was n o t s i g n i f i c a n t .  There was
TABI£ 6





lime Elapsed Between Liming Treatment and The S o il  Sampling
Surface S o il Subsoil
2 Booths 1 Tear 2 Years 3 Years 2 Months 1 Year 2 Years 3 Years
Coarse limestone 1.65 x ti.97 5 .2 1 5.05 5.it9 1*.?6 5.17 5.oo 5.01
L.35 xx 5.130 5.32 5.03 5.72 It.81 5.32 St. 90 5.02
Medium Tisaestone 1.70 5.L5 5.20 5.oo 5.03 it.35 It .99 5.02 5.09
h.LO L.89 5.57 5.12 6.19 L.89 L.98 5.05 5.29
Fine Linestone 1.75 $.3U 5.13 5.92 5.93 L.76 L.9L 5 .20 5.22
L.3Q 1.1.97 5.37 5.21 5.85 it. 75 5.12 L.90 5.06
Burnt Liiae 1.15 5.38 5.56 14.96 5.03 it.71 5.05 L. 93 5.09
3.00 $.21* 5 .I16 5.20 5.7L 1.65 5.03 L.7L 5.10
Hydrated fime 1.20 5.27 5.22 5.25 5.71 it .83 L.3L L.70 5.02
3.15 6.39 5.72 5.10 7.25 L.68 5.32 5.00 5 .71
ITntreated 0.00 L.6L 5.oo It .65 St.31 It .57 5.f)6 L.89 5.oa
x A ll of the l ig h te r  ap p lica tio n s  are in chem ically  equivalen t amounts,
xx. A ll of the heavier a p p lic a tio n s  are in  chem ically  equivalen t amounts.
TABIp ?
The pH Values As Influenced By Liming Treatments an UaUmm Sandy Loam S o il  Over A Three Tear Period • 




tim e Elapsed Between Liming Treatm ents And The S o il  Smmllnf?
Surface S o il Subsoil
2 Months 1 Tear 2 Tears 3 Tears 1 Tear 2 Tears 3 Tears
Coarse lim estone s .  62 6 .58 6.13 6.5o 6.90 6.31 5.15 7.06
2.25 6.61i 6.26 6 . 8S 6.90 6.314 6.30 6.87
Medium Limestone 0.62 6 .76 6.25 6.60 6.73 6.11 6.02 6.63
2.25 ~ 6 .L1 7.08 7.29 5.60 6.10 6.99
Fine Limestone 0.62 6 .8L 6.20 6.79 6 . do 5.90 6.35 6.79
2.25 6.37 6.56 7.02 7.39 5.95 6.25 7.y»
Burnt Lime 0.1i3 6 .36 6 .09 6.85 6.51 6.09 5.95 6.70
1.55 6 .1*0 7.30 7.20 5.72 6 .io 7.10
Hydrated Lime 0.50 6.?li 6 .0  6 .59 7.33 5.99 5 .70 6.26
1.30 7.05 A A 6.75 7.39 6.23 5.6o 7.16
U ntreated 0.00 6.ii9 5.76 6.S0 6.75 5.62 5.38 6.10
TABLE B





Time -lap sed  Between Liming Treatment And The S o il  sianlin;*
Surface S o il Subsoil
U Montns 1 Year 2 Years 3 Years 1 Year 2 Years 3 Years
Coarse Limestone 0.35 5.71* 6.02 5.68 5.82 6.25 6.18
«*■—————■1 ........
5
2.78 7.93 6.1*6 5.8!t 5.1*5 6.52 6.12 6*39
Medium Limestone 0.05 5.76 6.16 5.83 5.65 6.32 5.92 6.06
2.70 6.17 6.36 5.55 6.1*1 6.09 5.93 6.1*0
fin e  Limestone 0.85 Z.9k 6.1,0 5.96 5.53 6.1,1 6.15 6.S8
2.78 6.53 6.1,0 6.10 6.92 6.1,6 6.03 6.59
Burnt Lime 0.1*7 6.05 5.91 5.75 5.29 6.19 5.90 9 .73
1.71 6.52 6,85 6.00' 6.36 6.62 6.15 6 .3  9
Hydrated Line 0 . 6? 6.15 6 . 2a S. 80 5.1*5 6.32 6.17 S M
2.18 7.16 6.83 5 .71 6.99 6 .31* 5.76 6.7 9
U ntreated 0.00 S. 90 5.90 5.1*3 5.22 5.99 5.61, 5 .31
to
00
tab le  9
The pi! Yalaes As In fluenced  By Liising Treatm ents On S a ssa fra s  S i l t  Loam S o il  Over A Three Tear P e rio d . 
(C heste rtona)
Treatment
Line Applied Time Elapsed Between Liming Treatment And The S o il  Sampling
Surface S o il S ubso il
I  -lonths tea r Tears 3 Tears ’. Tear Tears Tears
ioarse  Limestone 1*15 5.49 $.7$ $.60 $.47 $.6$ 6.06
3.6? 6.oo 6.$6 $.9$ 6.2$ 6.00 $.70 6 .21
jlediua Limestone $ .9 0 6 .09 $.70 6 .10 6.2  3 6.00 6.09
3.6$ $.86 6.56 6.12 6.19 6.42 6.14 6.47
lin e  Limestone 1.1$ 6.29 6.43 5.74 $.32 6.96 6 .io 6.02
3.6$ 6 .81 6.66 6.''3 6,$0 6.33 6.0$ 6.79
:hirnt Lime 0.70 6.2$ 6.21 $.$o $.69 $.83 $.80 $.99
2.2$ 6.81 6.33 6.32 6 .7  9 6.62 6.70 6.97
Hydrated Lime 0.9$ 6.06 6.72 $.00 $.62 6.26 $.8o 6.73









The R e la t io n s h ip  Betw een F iv e  Forms o f  Lime A p p lied  to  S a s s a fr a s  
S i l t  Loam S u rfa ce  S o i l s  and th e  R e s u l t in g  pH A f t e r  Each o f  Four D i f f e r e n t  P e r io d s
pH
v a lu e
L ight A p p l ic a t io n
5 -5
/
U n tr e a te d  Coarse Medium F in e  Burnt














 _________  _A___
U n tr e a te d  Coarse F in e BurntMedium
Forms o f  Lim ing M a te r ia l
tabu: 10





f ia e  Elapsed Between lin in g  Treatment And' The S o i l  Samoline !
Surface S o il  | Subsoil 1
2 Months 1 Tear 2 Years 2 Months 1 Year 2 Years
Coarse L i» sto n e 1.1 a 5.22 5.75 5.1*5 It .82 h.90 >1.92
5.51* 5.81 6.10 6.20 5.51 5.55 5.30
Medina Lianstone I.!i7 5.25 5.25 6.30 5.29 5.08 It .90
6.61* 5.85 8.85 5.95 5.13 5.31 5.05
Fine lAncstone 1 .1*7 5.22 8.65 6 . 9 It.76 5 . io 5.39
5.51* 5.68 6.50 6.1*5 It .99 6.30 6.18
Burnt Lioe 0.98 5.19 5.52 5.1*3 5.08 1: .90 5.10
3.5o 6.65 6.80 7.10 5.58 6.00 6.52
ijydrated Ciae 1.18 5 .81 6.02 6.00 5.26 1.96 5.12
1.33 6.78 7.00 7.50 5.89 6.15 6.20





The R ela tion sh ip  Between F ive Forms o f  Lime Applied, to Monmouth 
Loamy Sand S u rfa ce  S o ils  and the R esu ltin g  pH A fter  Each o£ Three D iffe r e n t P eriods
p H
Value




BurntMed iumnt rest ed Coarse Fine
Forms of Liming M aterial
pH 
V alue






Forms o f  Liming M aterial
Coarse Hydratediurnt
TABUS n




Time Elapsed Between Liming Treatments and The S o il  Sampling.
Surface S o il S u b so il
L Months I  Tear L Months 1 Tear
Coarse Liaestone 1.25 5.83 5.59
h.9Q 5.86 — 5.59 ~ ~
Medium Limestone 1.25 5.51 5.95 5.35 5.53
h.90 5.h6 5.80 5.21 8.2li
Fine Limestone 1*25 5.51i 5.79 5.61i 5.140
ii.90 6*69 6 .21 5 J $ 6.25
Burnt Line 0.88 5.56 5.81 8.28 6.02
1*.Q0 5.50 5.72 5.76 5.28
Hyorated Lime 1.00 5.53 5.7? 5.7L 5.06
3.50 5.79 6.86 6.1*2 6.27
tintreated 0.00 5 . 67 5.90 8.21 9 .91
t  m m  12





Time Llapsed Between Liming Treatment And The S o il  Sampling
S urface S o il S u b so il
1) EJonths 1 Tear 2 Tears! 3 Tears li Months 1 Tear 2 Tears 3 Tears
Coarse Limestone 0.68 6.o5 6.1)9 6.70 6.70 5.80 6 .2  9 6.37 6.S5
5.50 6.50 6.31 6 .70 7.12 6.10 6.17 6.39 6.70
Ifediua Limestone 0.68 6.20 6.57 6.70 6.86 6.10 6.29 6.60 6.60
!).55 7 .ho 7.1)9 7.1)3 7.26 7 . 1)0 7 . 1)2 7.1)5 7*140
Fine Limestone 0.63 6 . 1)0 6.51 6 .70 6.95 6.20 6.57 6.5o 6.69
14.55 6.60 6. 1)1 6.90 7.15 6.05 6 .26 6.31 6.61
Burnt Line Q.ij2 6). 60 6.1i9 7.07 7.08 6.o5 6.22 6.82 6.67
2.75 6.98 7.01 7.10 7.22 5.70 6.15 6.50 7.12
Hydrated Lis® 0.53 6.35 6.1)3 7 .01 6.91 6 .39 6.89 6.70 6.69
3.85 7.37 7.33 7.1)1 7.1s2 6 *1)0 7.09 6.91 7.28
U ntreated 0.00 5.80 5.90 6.32 6.28 5.55 5.73 6.22 5.91
XABLK 13
The pH V&Xu0S As In i lusTicsd By .Liiiixn:'' jtreaim&nts v>n i-"uii i© 1a îXt> I^wiu o o x X ^ ! / v A ihrt.6 Jfisi* i i>i Ioq • 
(F rederick*)
Treatment Lime Applied Ton/Acre
Time E lapsed between laming Treatraents And The S o il  Sampling
6»iriace F o il L ubso il
“ 2 "ionths 1 Xear 2 f e a r s 3 Tears 2 Months 1 Year 2 Years 3 fe a rs
Coarse Limestone 3.95 7.60 7.51 7.35 7.55 7.20 7 .2  h 7.25 7.28
Meet in  - Limestone 3.95 7.30 7.30 6.80 7.36 7.30 7.01 6.89 7.22
Fine Limestone 3.95 7.30 7.30 7.05 7.65 7.10 6.98 6.92 7.10
Burnt Lime 2.1i0 7.10 fi.93 6.85 7.28 6.60 7.37 6.80 7.09
Hydrated lime 3.05 7-b0 7 .50 6.80 7.63 7.20 7.50 6.82 7.68
U ntreated 0.00 6 .60 6 . 6-3 6.55 6.75 6 . 6I4 6.71 6.1*5 6.99
# One w e ig h t- le v e l only o f lim ing m a te r ia l ap p lied  on th i s  far® .
TABLE Ik




f i m  felapsed Between l in in g  Treatment And The S o il Sm b U jie
4 Surl'aee S o il Subsc i l
2 Months 1 Tear 2 Tears 3 Years 2 Months 1 1 Tear 2 Year® 3 Tears
Coarse Limes ton© ii.05 6.79 7.10 7.01 7.06 — — 6.53 6.70 7.09
Medium Limestone UA$ 7.00 7.10 7.20 7.21 7.00 | 7 .01 7 .0 l 7 .39
f in e  Limestone li.LS 6.81 7.08 7.15 7.5o 6.31 6.90 6.92 7.20 !
Burnt Lime 2.80 7.56 7.63 7.68 7.82 7.67 7.1*7 7 .60 7.71
Hydrated Lime 2.90 7.69 6.79 7.65 7.91 7.72 7.61 7.71 7.96
U ntreated 0.00 6.70 6.77 6.80 £ 70' # / / 6 .M 6.66 6.6o 6.71
# te e  w e ig h t- le v e l only of lim ing m a te r ia l a p p lie d  on th i s  farm*
TABUS 15
Effec t  of  Light Liae A p p lica tion s cm pH Values Compiled fo r  A ll Sampling Dates as Averaged fo r l& ttapsx,
Matawati ( S a lisb u ry ), tSatasan ( Cordova)# S assa fra s , and Chaster S o il S e rie s ,
Treatment© Dates Average pH f o r  Treatment
2 t© li Months 1 Tear Z T earS ! *.a s m --------
Coarse Limestone 5 .?8 S.:9h 5.92 6.10 5.9li
Medium Limestone 6 m Ok 6 . 0B 5.98 5 *98 6.02
Fine Limestone 6 .1)4 6 .1  h 6.22 6.22 6.18
Burnt lAm 6.16 6.06 6.06 5.92 6.05
Ifydrated h im 6.16 6,12 6 .06 6.30 6.17
U ntreated 5.61* 5.66 5 .66 5.72 5.68
Average pH f o r  date 5.99 6 .00 5.98 6.01*
L.S.B . (between tre a tm e n ts ) « .15
TIo s ig n i f ic a n t  d iffe re n c e  between d a te s
u>
~ -4
u b u ; 16
E ffec t of Light Lime A pplication on pH Values as Averaged fo r  A ll Sampling hates fo r M&ttapex, Mataw&n
(S a lisb u r y ) , SJatawan (Cordova), S a ssa fr a s , and Chester S o il S e r ie s •
.................... ........... ....... ..................
Treatment
Sol1 S e rie s Average pH 
fo r  TreatmentM&tt&pex Uatawan
(S a lisb u ry )
Hatawan
(Cordova)
S assa fras C hester
Coarse Limestone 5.20 6.C8 5.80 5.60 6 .50 s.9 ii
Medium Limestone 5 . 1a 6.60 5.78 5.95 6 ,60 6.02
Fine Limestone 5.60 6*65 5 .95 6.05 6,65 6.18
Burnt Lima 5.25 6#i}8 5.73 5.93 6.03 6 .0?
Hydrated Lime rr ■ap 6.35 5.93 6.00 6.68 6.17
U ntreated it. 83 6 .ho 5.63 5 .It5 6,o3 ?.6fl
Average pH fo r  s o i l  s e r ie s 5.21* 6,59 5 .31 5.63 6.55




E ffect of Heavy h im  A pplication on pH Values Compiled Tor A ll Sampling Oates as Averaged fo r Uattapex*
Matawan (C o r d o v a ) , S assa fra s , C hester, D uffield and Emory S o il S e r ie s .
tiiIOCS
trea tm en t 2 to  h Month® 1 tear 2 tears 3 tears Average pH for  Treatment
Coarse Limestone 6.ii3 6.72 6.32 6.55 6.50
Ifedinitt Limestone 6.1,5 6.75 6.37 6.78 6.59
Fine Limestone 6.5o 6.55 6.52 6.92 6.62
Burnt Lius 6.70 6.78 6.62 6.8? 6.7li
Hydrated Lise 7 . IS 6.35 6.53 7.1)0 6.99
.U ntreated 5.83 6.02 5.87 5.90 5.90
Average pH fo r  da te 6.52 6 . 6 1 6.37 6.71*
L.S.B . (between tre a tm en ts)  a  0.28 
L .3 .S . (between d a te s )  « 0.12
iAHIE 18
Effect of Heavy Lise A pplications on pH Values as Averaged fo r  A ll Sampling Bates fo r Uattapex, Batasan
(Cordova), S assa fra s , Chester, B uffield  and Ksory S o il S e r ie s .
S o i l  S e rie s
—
Average pH
trea tm en t Ifettapex Matanan
(Cordova)
S assa fra s C hester D uffleM Emory j fo r  Treatment
Coarse Limestone $.58 5.93 6.23 6.78 7.53 7.00 6.?o
Medium Liiieston# 5 .h lJ 6 . 1S 6.20 T.ltO 7.20 7.13 6.59
fin® Limestone 5-30 6 . 1*8 6.65 6.78 7.30 7.15 6.62
Burnt Lime $.liO 6 K 6.80 7.08 7.0$ 7.68 6.7b
Hydrated Lime 6.13 6*68 6.90 7.1*0 7.33 7.S3 6 .9S
U ntreated it .83 5.63 5.16 6*08 6.68 6.73 5.90
Average H fo r  s o i l  s e r i s s 5 *146 6.22 6.37 6.92 7.18 7 .21
L.S.D. (between fa re s )  m 0*28
tr
O
no s i g n i f i c a n t  pH in crea se  r e s u l t i n g  from  any one f in e n e s s  grade nf liiaeeton©
above t h a t . o f  any o th e r  lim eston e .grade in  th e s e  heavy  lim e treatm ents*
I t  h as  been  shown t h a t  a l l  th e  lim© tre a tm e n ts  em ployed in  t h i s  
i n v e s t ig a t io n  in c re a s e d  th e  s o i l  pH s i g n i f i c a n t l y  above th e  v a lu e s  o f  th e
u n tr e a te d  p lo ts *  "Hie amount o f lim in g  m a te r ia l  a p p l ie d  In f lu e n c e d  th e  pH
v a lu e  o f th e  s o i l*  As would be ex p ec ted  from th e  law o f  mass a c t io n ,  each
o f  th e  s o i l s  showed a  l a r g e r  pH in c re a s e  from the h e a v ie r  lim e a p p l ic a t io n s  *
In  g e n e r a l ,  th e r e  was n o t much d i f f e r e n c e  shown w ith in  th e  d i f f e r e n t  lim e 
t r e a tm e n ts .  The s o i l s  t r e a t e d  w i t h • h y d ra te d  lim e w ere an e x c e p tio n  to  
t h i s  g e n e r a lisa t io n *  Hie re a so n  fo r  th e  g r e a te r  a c t io n  o f th e  h y d ra te d  
form o f  lim e i s  p ro b a b ly  tw o fo ld  s th e  h y d ra te d  lim a was more s o lu b le  th a n  
th e  c a rb o n a te  form  o f lim e and I t s  ex tre m e ly  fin© s t a t e  o f  d iv i s io n  was 
th o u g h t to  g ive  i t  a  la rg er  e f f e c t i v e  s u r fa c e  a r e a .
B urn t lim e d id  n o t te n d  to  change th e  pH v a lu e s  a s  much a s  th e  
h y d ra te d  form a lth o u g h  th© d i f f e r e n c e  was n o t s t a t i s t i c a l l y  s i g n i f i c a n t •
T h is trend was th o u g h t to  be due to  th e  g r e a te r  d e g re e  o f  f in e n e s s  o f
th e  h y d ra te d  lim e and th e  ten d en cy  o f  th© b u rn t lim e to  a g g reg a te , o r
p l a s t e r  i t s e l f  in to  .la rg e r  p a r t i c l e s  when i t  c o n ta c te d  th e  m o ist s o i l .  A 
com parison  o f  heavy a p p l ic a t io n  o f  b u rn t  lima and th e  lim esto n es  g e n e ra l ly
showed g r e a te r  pH changes f o r  th© b u rn t l im e , b u t th e  d i f f e r e n c e s  were not
s t a t i s t i c a l l y  s ig n if ic a n t*  T his pH e f f e c t  was a t t r i b u t e d  to  th e  f a c t  t h a t  
b u rn t lim e i s  more s o lu b le  th a n  th e  lim esto n e*  The tre n d  front th e  re su lt©  
o f  th e  heavy lim e tre a tm e n ts  in d ic a te  t h a t  the s o i l  r e a c t io n  i s  in f lu e n c e d  
th© m ost by th e  h y d ra te d  lim e , se co n d ly  by th e  b u rn t l i n e ,  and t o  th© 
l e a s t  e x te n t  by th e  l im e s to n e s .  T his t r e n d  i s  shown in  f a b le s  1? and 15 
com piled  from th e  s o i l s  s tu d ie d  and th e  sequence i s  b e t t e r  i l l u s t r a t e d  by 
th e  S a s s a f ra s  and Monmouth s o i l s  o f F ig u re s  8 and 9* These f ig u r e s  of
S a s s a f ra s  and Monmouth s o i l s  are g e n e ra l ly  r e p r e s e n ta t iv e  o f th e  graph® 
o f  pH p lo t t e d  a g a in s t  lim e tre a tm e n t fo r  a l l  s o i l s  s tu d ie d *
The in f lu e n c e  o f th e  d eg ree  o f f in e n e s s  o f th e  lim esto n e  upon 
th e  s o i l  r e a c t  ion  i s  in c lu d e d  in  T ab les  6 th ro u g h  lit* Only th e  l i g h t  
a p p l ic a t io n  o f in e  lim e s to n e  gave a  s i/n jL f le a n t  pH e f f e c t  among th e  
lim e sto n e  tre a tm e n ts *  In g e n e ra l ,  how ever, th e r e  was a  t r e n d  tow ard 
s l i g h t l y  l a r g e r  in c re a s e s  in  pH v a lu e s  w ith  an in c re a s e  in  th e  s t a t e  o f 
d iv is io n *  T h is g r e a te r  r e a c t io n  co u ld  be p r e d ic te d  due to  th e  in c re a s e d  
s o l u b i l i t y  r e s u l t i n g  from  th e  l a r g e r  s u r f a c e  a re a *  I t  sh o u ld  be m entioned 
t h a t  th e  f in e  lim e s to n e  was from a d i f f e r e n t  so u rc e  th a n  th e  c o a rse  and 
medium lim e s to n e s  so t h a t  a  p o s s ib le  s o l u b i l i t y  d i f f e r e n c e  m ight e x i s t  
'between th e  lim e s to n e s  of d i f f e r e n t  s o u rc e s .
Th© work o f Xyon (2f>) a t  C o rn e ll  has In d ic a te d  t h a t  th e  d eg ree  
o f  f in e n e ss  h as a  much l a r g e r  e f f e c t  upon th e  pH change th a n  t h i s  ex ­
p erim ental d a ta  f o r  th e  h ea v ier  lim e a p p l ic a t io n s  e x h i b i t s .  T his d i f f ­
erence m ight be e x p ' a in e d  by an exam ination o f th© s ie v e  sis®  a n a ly s is  
o f th e  th r e e  lim e s to n e s  as p re v io u s ly  g iv en  in  T able 3 . The co a rse  lim e­
s to n e  and raediua lim e s to n e  are to o  s im ila r ' In  a n a ly s is  t o  g iv e  an e x te n s iv e  
d iffe r e n c e *  In a l l  th r e e  g rad es  o f  lim esto n e  u se d , th e r e  was a  la rg e  amount 
o f  th e  f i n e s t  p o r t io n ,  i . e . ,  th e  p o r t io n  which p a sse s  through a  200-mesh 
s i e v e .  T his i s  b e l ie v e d  to  be th e  s i t u a t i o n  encountered by th e  farmer when 
lie p u rc h a se s  w ell-grou nd  lim esto n e , *’hen th ese  lim esto n es were a p p lied  to  
th© s o i l  in  la rg e  q u a n t it ie s  as u sed  in  t h i s  e x p e rim e n t, th e r e  was an ex ­
c e s s  o f t h is  f in e r  m a ter ia l w hich could sa tu ra te  th e  s o i l  s o lu t io n  and 
g iv e  s im ila r  r e s u l t s  upon th© s o i l  rea ctio n *  In  in v e s t ig a t io n s  upon th e  
e f f e c t  o f f in e n e s s  o f  l im e s to n e , such  a s  ly o n }3 s tu d y , the l im e s to n e s  used  
w ere s c re e n e d  so  t h a t  each  te s te d  m a te r ia l  was a l l  o f  th e same approx im ate
d ia m e te r • These s ie v e  s e p a ra te s  gave q u i te  an  a p p re c ia b le  d i f f e r e n c e  in  
pH v a lu e  o f a  s o i l  when compared t o  a n o th e r  s iz e  range  o f  lim esto n e*
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  was shown betw een th e  s o i l  rfl 
v a lu e s  o f th e  v a r io u s  s o i l  ty p e s  w hich w ere s im i l a r ly  lim ed • S in ce  th e  
lim in g  m a te r ia ls  w ere added in  amounts t h a t  w ere c a lc u la te d  to  r a i s e  th e  
s o i l  pH t o  th e  same app rox im ate  v a lu e  fo r  a l l  s o i l s  t h i s  s i g n i f i c a n t  
d i f f e r e n c e  w hich r e s u l t e d  was u n ex p e c te d . There a rc  a p p a re n t ly  two re a so n s  
f o r  t h i s  d i f f e r e n c e  between s o i l s ,  f i r s t ,  th e r e  was a  r e l a t i o n  shown 
betw een th e  i n i t i a l  s o i l  pH p r io r  to  lim ing and th© s o i l  pH a f t e r  l im in g . 
S o i l s  w ith  a  low i n i t i a l  pH v a lu e  d id  n o t respond  as much a s  th o se  s o i l s  
o f  a  h ig h e r  i n i t i a l  pH even though  more lim in g  m a te r ia l  was ad d ed . This 
i s  in  agreem ent w ith  d a ta  p u b lish e d  by Ohio (37) and V ir g in ia  (14*) w hich 
showed t h a t  more lim e i s  r e q u ire d  t o  r a i s e  a  s o i l  pH one u n i t  a t  a  low er 
pH v a lu e  th a n  i s  needed to  in c re a s e  th e  same s o i l  one pH u n i t  a t  a  h ig h e r  
pH v a lu e .  S eco n d ly , th e  two f a c to r s  o f  slow  s o l u b i l i t y  o f  th e  lim in g  
m a te r ia ls  and th© d i f f e r e n t  am ounts o f  a p p l ie d  lim e co u ld  have in f lu e n c e d  
th e  rep la ce m e n t o f  ex ch an g eab le  hydrogen o f th e  s o i l .  Thus i t  would seem 
t h a t  a  lim e recom m endation method shou ld  in c lu d e  an e m p ir ic a l  f a c t o r  to  
com pensate f o r  t h i s  slow  s o lu b i l i t y *  in c h  a  f a c to r  i s  r e p o r te d  in  th e  
fo llo w in g  s e c t io n  o f ,  A S u g g ested  Lime Recommendation IJe thod♦
fa b le s  lg and 17 a l s o  in d ic a te  th e  e f f e c t  o f tim e on th e  pH 
v a lu e  o f lim ed s o i l s .  Ho s i g n i f i c a n t  change in  s o i l  pH o c cu rre d  between 
sam pling  d a te s  f o r  th e  l i g h t  lim e tre a tm e n ts  d u r in g  th e  th r e e  y e a r  p e r io d  
in c lu d e d  in  t h i s  s tu d y .  For the  heavy a p p l ic a t io n s  no s i g n i f i c a n t  d i f f e r ­
ence was shown in  s o i l  pH measurements ta k e n  a f t e r  th e  f i r s t  few months 
and a f t e r  one y e a r .  However, a f t e r  two y e a rs  a  s i g n i f i c a n t  d e c re a se  
o c c u rre d  in  s o i l  pH v a lu e  f o r  th© h e a v ie r  lim e t r e a tm e n ts .  At th e  end
o f  th r* «  y e a r s  t h i s  s o l i  pH in c re a s e d  and  was s ig n i f i c a n t l y  h ig h e r  th a n  
th e  s o i l  pH a t  a l l  p re v io iis  s a i l i n g  d a te s *  Howsvsr, th e c h a n g e s  in  
s o i l  pH betw een sam pling  d a te s  was s m a ll  and p ro b a b ly  o f  l i t t I s  agronom ic 
s ig n i f i c a n c e  •
16
Exchangeable C a tio n sI Q ....J .... .1..— i. ■» ■ mnmi — ".in— .
The v a lu e s  o f  th e  ex ch an g eab le  c a t io n s  a s  d e te rm in ed  f o r  a l l  
n in e  © o ils  a re  r e p o r te d  In  T ab les 19 th ro u g h  3 1 . A s t a t i s t i c a l  analyse© 
o f t h i s  d a ta  shows h ig h ! /  s ig n i f i c a n t  d i f f e r e n c e s  betw een th e  v a r io u s  
s o i l  ty p e s  f o r  a l l  c a t io n s  s tu d ie d *  T h is co u ld  be e x p ec ted  s in c e  th e  
s o i l s  were d i f f e r e n t  in  exchange c a p a c i t i e s  as w e l l  a s  in  t h e i r  in h e re n t  
s t a t e s  o f  f e r t i l i t y .
Th© e f f e c t  o f  l is t in g  upon th e  pH v a lu e  o f  a  s o i l  i s  r e l a t e d  
t o  th e  ex ch an g eab le  hydrogen* A summary o f  th e  in f lu e n c e  o f  b o th  th® 
l i g h t  and heavy lim e a p p lic a t io n s  on th e  exchangeable hydrogen i s  p re ­
s e n te d  in  T ab les  J2. and 33#
L igh t a p p l ic a t io n s  o f  a l l  th ree  g rad es  o f  lim eston e red u ced  
th e  ex changeab le  hydrogen o f th e  s o i l  b u t th e  d e c re a s e s  w ere n o t s ig ­
n i f ic a n t ly  low er th a n  th e  u n tr e a te d  p lo t  v a lu e s .  In  s o i l s  t r e a t e d  
w ith  l i g h t  a p p l ic a t io n s  o f  h y d ra te d  and b u rn t lim e th e  ex ch an g eab le  
hydrogen v a lu e s  were d e c re a se d  s i g n i f i c a n t l y  below th e  v a lu e s  o f  th e  
u n t r e a te d  s o i l s .  A lthough th e  ex ch an g eab le  hydrogen o f  th e  s o i l  t r e a t e d  
w it"  h y d ra te d  lim e was low er th a n  th e  v a lu e  o f  s o i l s  t r e a t e d  w ith  
b u rn t  l i n e ,  t h i s  d i f f e r e n c e  was n o t  s i g n i f i c a n t .  A s i g n i f i c a n t  d e c re a se  
was shown In  exch an g eab le  hydrogen f o r  th o s e  so il©  t r e a t e d  w ith  h y d ra te d  
and burnt lim e below th e  value© f o r  th e  s o i l s  t r e a t e d  w ith  c o a rse  lim e­
ston e  .
The s o i l s  t r e a t e d  w ith  heavy a p p l ic a t io n s  o f  c o a rse  and medium 
lim esto n e*  b u rn t  lim e* and h y d ra te d  lim e a l l  gave s i g n i f i c a n t  d e c re a s e s
in  ex ch an g eab le  hydrogen when compared w ith  th e  ex ch an g eab le  hydrogen
v a lu e s  o f  th e  u n t r e a te d  s o i l s .  F ine  lim e s to n e  d id  n o t cau se  a  s i g ­
n i f i c a n t  d e c re a se  in  exchangeable hydrogen below th e v a lu e  o f s o i l s  which  
w ere u n t r e a te d .
m m  19
























^ S a n g e a b ie  C& tioniFTfter "2 Months 































































The Exchangeable Cations As Influenced By Liming frM ta m ta  On iJattapex S i l t  Loon S u b so il. (Princess Anne)
I 're a ta e n t Line Applied 
Tons/Acre








n .e ./1 0 0 g s
K
a.® ./lOOgm
Coarse Limestone 1.65 5.57 2 .20 0.2? r« nfi ■J * yv 0.07
fc.35 5 #28 2.53 0.23 0*00 0.0?
Medium Limestone 1.70 S-Jm 2.1*7 r-> M, 0.07 0 . 3
L.ijO 5.10 2.66 0.12 0.00 0.08
Fine Limestone 1.75 5 .5 ? 2.23 0.32 0.02 o .o l
),.30 7.02 2.92 0.32 0.02 0.07
Burnt Lime 1.15 6.oo 2 .00 o .iL 0.03 0.03
3.00 6.02 3.52 0.36 0 .01 0.11
Hydrated Line 1.20 ij.sa 3.05 0.21 0.02 O.Oli
3.15 6.91 2.70 0.75 0.00 0.08
U ntreated 0.00 t. -.,f* U.vAi 2.61 0.2? 0.01 0.06
fit BIB 21
th e  'Exchangeable C ations As Influenced  By IJM ng Treatm ents On Palawan Sandy .boa® Surface S o il*  (S a lisb u ry )
Ixchai i geabi ©' 2 '  Months
Treatment Lime Applied 
Tons/Acre a .e


































































The Exchangeable Cations As Influenced b y  Liming Treatments On Katawan Sandy Loam Surface S o i l ,  (Cordova)




st.e ./lo c ija
Mg




M.& . / lo o m
Coarse Limestone 0.85 2.22 2.1t0 0.30 0.00 0.07
2.73 1.81 2 .50 0.66 0.03 0.09
llediura Limestone 0.85 1.63 2.66 0.38 0.00 0.06
2 .?8 X.3Ji 3 .0? 0.56 0.03 0.09
Fine Limestone 0.85 1.3it 2.99 0.63 0.00 0.12
2.78 1.28 2.92 1.72 0.06 0 .11
Burnt Lime 0 .8? 1.10 3.58 0.36 0.02 0 .0?
1 .71 I.li5 2.95 0.53 0.02 0.12
Hydrated Liras 0.6? 1.99 3.09 0.56 0.00 0 .0 ?
2.18 0.00 2.68 2.66 0.02 0.13
U ntreated 0.00 1.6? 2.53 0.51 0.02 0 .1 0
TABLE 23
The Exchangeable C ations As Influenced  By .Liaing Treatm entr and Time on S assai'ras S i l t  Loam Surface S o i l ,  
(GhecterUwn)
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The Exchangeable Cations As Influenced By Liming Treatments And Time On Sassafras S i l t  Loan S u b so il.( Chestertown)







a .e ./lO O ga
Mn
su e• /lOOg®
1 Year 2 Tears 1 Y^ar 2 years 1 Tear ' 4+' .....2 Years 1 Year 2 Years
Coarse lio e s to n e 1.15 r . T- ir 2.35 ____ L.L8 x.oii 0.00
3.65 .1.97 2 .21) li .92 0 .9 1 1.17 0.02 0 .00
Stadium Limestone 1.15 2.33 1.67 3.65 5.03 1. 01) 1.07 0.08 0.00
3.65 1.93j 1.55 U. 85 5.33 0.95 1.20 0.02 0.00
Yine L ises ions 1.15 1.75 1.53 5.38 L.L3 0.63 0.91 0.06 0.02
3.65 2.01) 1.53 5.3L 5.03 1.19 1.17 0.03 0.00
Burnt Ujssestone 0 .70 1.99 2 .26 .1)3 3.71* 0.61) 0.66 0.06 0.01
2.25 0.85 0.72 5.76 5.5o 0.82 1*00 o .o t 0 .00
Hydrated Lime 0.95 1.61 2 . 2? L.20 3.92 0.82 0.72 0.07 0.00
2.85 1.71 1. 1*0 L.38 5.73 0.67 0.91 O.Ol; o *0u
U ntreated 0.00 2.37 2.31 L.29 Is .03 0.81 1.07 0.03 0 .00
TABLE 25
The Exchangeable C ations As Influenced Hy Liming Treatments On Monmouth Loamy Band Surface S o i l .  (M arlboro)
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Soars© Limestone U j? S. 13 It. 18 h .  15 6.60 7 . lit 6 . lit 1.00 1.5oi 1.93 0.00 0.01 0 .01
1.98 1.78 2.03 5.83 lt.82 It. l td 1.27 l .h o  0.70 0.02 O.CX) 0.01
Medium Limestone 1.1*7 2.79 2.73 2 .9 1 li.63 2.96 2.93 1.13 0.99 0.71* 0.02 o.ols 0.01
s . i h ?4 .111 1.73 2.91. 5.09 5.65 It .57 1.31 2.10 l« l£ 0.02 0.01 0.00
Pine Limestone I .h i 3*83 3.22 2.19 h.23 2.95 3.71 1.10 0.it9 0.58 0.03 0.02 0.01
S .511 S .18 3 .a i 3.60 5.96 6.08 6.52 1.6it 2.30 ,1 .18
i
0.00 0.01 0.00
Burnt Lime 0.98 2.73 2.31 2 . S3 It. 15 3.22 3.1.8 1.28
1
0.70  0.7i* 0.02 0.02 0.01
3 .SO 3.00 1.5!i 2.65 5.37 6.15 6 .20 1.00 3.61  2 .10 0.00 0.01 0.00
1ydrated Lise 1.18 2.J2 2 .70 2.63 5.10 : .00 3.62 1.13 0.7U 0.70 0.02 0.02 0.00
8.38 2 .20 1.15 1.35 6.06 5.91 0 . 1,5, • «4 J 2 .2? 1 .9 3 j1.97 0.00 0 . 00 0.00


























































































The Exchangeable C ations As In fluen c d By Liming T reataents On Chester S i l t  Loan Surface S o i l .  (Sparks)
Exchangeable Cations Afte r  li Months |
treatment Line Applied 
Tone/Acre
H









Coarse Limestone 0,68 6.15 7.32 1.12 o.oii 0.26
5e50 3.78' 9.86 1.22 0.07 0.26
Medium limestone 0.68 3.72 9 .1 l 1.69 O.Oii 0.20
h .& 0.00 13.12 1.81 0.06 0.20
f in e  Linestone 0.68 5.17 0.12 0.39 0 .2 0 o .5 i
li.55 1.15 7.76 2.86 | 0.0c? 0.31*
Burnt Line 0 .1j2 5.78 5,16 1.12 0.00 0.21
2.7$ 1.13 13.03 0.95 1 0 .Oo 0.21
i^ydrated Line 0.53 2 .16 7.30 i .o 5 O.ll; 0.16
3.85 0.00 Hi .06 0.71* 0 . 0li 0 .35
Untreated O.CX) 6.13 7.W 0.90 0.09 0.60
TABUS 29
f he Exchangeable Cations I s  Influenced  By Liming Treatments On Chester S i l t  Loam S ubso il. (Sparks)
Exchangeable C ations A fter u Months







a .c  ,/lOOja M .e./lOOgsi
1
m .e./lQ Og®
Coarse Limes to m 0.68 5.28 5.25 0.66 0 . 0? 0 . 1 5
5.5c 5.37 6.68 0.89 0 . 0? 0.17
Medium Limestone ■u.68 5.57 6 J i3 0.77 0.00 0.57
h.SS 1.76 lo.5o 1 . 8? 0.02 Q .U
Fine Limestone o .68 6.55 7 . 1 2 0.53 0.02 0.37
h.55 3.87 6.3L 1.22 0 . 0? 0.23
Burnt Uusse 0*lt? 3.05 5.77 0.66 o.oii 0.25
2 .IS 3 .26 6.76 1.0? 0 . 0? 0.16
Hydrated Lime r*\ f'*'"!o • ?-> 2 . 6? 6.06 1.15 0.10 0.23
3 . - ? Ie.32 7.20 1.09 0.06 0.18
U ntreated 0.00 6 .1  h 6.1*2 o.U* 0.09 0.16
I  ABLE 30
The Exchangeable Cations As Influenced By Lining Treatments On S u ffie ld  S i l t  bom  S o il.#  (F rederick)














Coarse Lines to m  
S urface S o il
3.95
0.00 9.07 1.11 0.09 0.15
S u b so il 0.85 9.05 1.19 0.13 0.25
Medium lim estone 
Surface S o il
3.9$
0 .0 0 9.28 1.0? 0 .11 0.29
S u b so il 0.35 8.95 1.03 0.09 0 .09
Fine Limestone 
Surface S o il
3.95
0.00 9.21 1.07 0.11 0.36
S u b so il o.B5 a . 16 0.95 0.18 0.13
Burnt Lime 
Surface S o il
2 .10
0.89 9 .0 0 1.52 0.09 0.15
S ub so il 1.70 7.66 0.86 o .ll i 0.13
Hydrated Lime 
S urface S o i l
3.05
0.00 8.77 1.56 0.09 0.33
S u b so il 0.00 10.35 1.19 0.18 0.21
U ntreated  
Surface S o il
0.00
1.65 7.37 1.21 0.08 0.16
S u b so il 0.22 6.36 0.99 0.05 0.27
* One w e ig h t- le v e l only o f lim ing m a te r ia l a ;;p lied  on th is  farm .
tmm 31
The Exchangeable Cations As Influenced By Liming Treatments On Emory S i l t  Loam S o i l .  * (Hagerstown)
1 Exchangeable C ations A fte r  2 Months
Treatment Lime Applied 










a .e  ../lOOgm
Coarse Limestone 
Surface S o il
h *05
0.00 7.66 1.82 0.02 0 . I 6
S u b so il
Bediusi Limestone 
Surface S o i l
h .lS
0.00 3.1*3 1.03 0 .11 0.39
S u b so il 0 .00 7.62 0.86 O.CX) 0 .2 1
Fine Limestone 
Surface S o il
h J £
0 .66 3.05 1.L8 0.09 0.15
S u b so il 0 .71 6.00 0.71 0 .0 0 0 .1 k
Burnt Lime 
Surface S o il
2 .80
O.CX) 8.03 1.32 0.06 0.55
S u b so il 0.00 7.7 6 0.70 0.00 0.23
Hydrated Lime 
Surface S o il
2 .90
O.CX) 6.99 2.59 0.07 0 .31
S ubso il # 0.00 6.89 1.61 0 .00 0.16
U ntreated
Surface S o il
0 .00
1.35 7.59 0.70 0.07 0.25
S u b so il 0.63 7.90 0.95 0.00 0 .21
*  One w e ig h t- le v e l of lim ing m a te r ia l ap p lied  on t h i s  farm*
-JAB IE 32
E ffect of L ight lime Treatm ents On exchangeable hydrogen for ifa tiapex , Sf&tawan (S a lis b u ry ) , t%iawan (Cordova), 
S a ssa fra s , Monmouth, J le n e lg , and C hester S o il  S e r ie s .
Treatm ents
S o il  Type








Hydrated ^  
Lime
Average Value 
For S o i l  Type
m .e./ioogs i m.e ./lOOg? : m.e.7l00g!B m .e .A 0 0 p a .e . / i o o  m m .e ./i0 0 $ 3 s
Maitapex S i l t  Loam 6.22 6.37 11. 61* 1.66 2.75 h.614 L;.72
Matawan Candy .Loam 
(S a lisb u ry )
2.16 1.87 1.15 I M 1.33 1.29 1.67
Matawan Sandy Loam 
(Cordova)
1.67 2.22 1.63 1.314 1.10 1.99 1.66
S a ssa fra s  S i l t  Loam 2.1*2 2 .i|0 1.32 1.35 1.33 1.59 1 .82
Monmouth Loamy Sand 3.35 2.89 3.26 3.31 2.20 2.32 2.89
Glenolg Loam 3.02 3.05 3 . U 3.15 3.11) 0 r>gC . /  -J 3.13
C hester S i l t  Loam £.13 6.15 3.72 5.17 5.73 2 M 1*9$
Average Value fo r  Treatsaeir ; ^ 5 5 3.14? 2 .35 2 .91 2.591 2 .06
L.S.B. (Between Treatm ents) « 0.78
TAB IE 33
E ffe c t of Heavy Line treatm ents On Exchangeable Hydrogen fo r H attapex, Matawan ( Cordova), Momaooth, O len e lg ,





For S o il  TypeS o il  type U ntreated Linestone
vJRUiUiS
Limestone




m.e./lOOgB m .e ./lOOgm ra.e./lQOgm teue./lOOgs a.e./lOQg® m .e./100§p m.e ./lOGg®
Hetilapex S i l t  Loam 6.22 2 .30 5.25 ii.57 3.71 1.8? 3.99
Matawan Sandy Loan 
( Cordova)
1.6? 1.81 1.3ii 1.28 1.15 0.00 1.26
Monmouth Loamy Sand 3.35 2.01 2.00 2.91 0.00 0.58 1.81
u len e lg  Loam 3.02 2.6? 3.55 3 .1? 1.25 3.15 3.35
C hester S i l t  .Loam 6.13 3 .78 0.00 L.35 1.13 0.00 2.53
B u ffield  S i l t  I/van 1.65 0.00 0.00 0.00 0.89 0.00 0.12
Emory S i l t  Loam 1.35 0.00 0.00 0.66 0.00 0.00 0.3 If
Average Value Cor Treatment 3.31; 1.80 n <7nXeT̂ 2.39 1.61; o.8ii
L.5.D. (Between Treatments) « 1.22
E xchangeable ca lc iu m  was th e  o n ly  c a t io n  o th e r  th an  th e  hydrogen 
io n s  t o  be s ig n i f i c a n t ly  changed by heavy a p p lic a tio n ®  of lim in g  m a te r ia ls • 
A summary o f  th e  r e s u l t s  from  th e  heavy l i n e  a p p l ic a t io n s  on th e  ©.*change­
a b le  ca lc iu m  a re  p re se n te d  in  Table 35* Here i t  can  be seen  t h a t  so il®  
t r e a t e d  w ith  b u rn t  and h y d ra te d  lim e gave s i g n i f i c a n t  in c r e a s e s  o f  ex­
changeable ca lc iu m  above th e  v a lu e  o f  th e  u n tr e a te d  s o i l .  Medium lim e s to n e  
a l s o  showed a  s i g n i f i c a n t  in c re a s e  over th e  u n t r e a te d  p lo t  in  th e  s o i l* s  
exchangeable c a lc iu m . The hydrated lim e and burnt lim e gave th e  . reab eet  
in c r e a s e s  o f exch an g eab le  ca lc iu m  as  m ight be p r e d ic te d  from  th e  in f lu e n c e  
o f th e  lim in g  m a ter ia ls  on the pH valu e o f  th e s e  s o i l s .  In  g e n e r a l, very  
l i t t l e  d i f f e r e n c e  in  amounts of ex ch an g eab le  ca lc iu m  was shown by th e  
v a r io u s  d egrees o f f in e n e s s  of l im e s to n e s .
The a p p l ic a t io n s  o f lim in g  m a te r ia l  had no s ig n i f i c a n t  in f lu e n c e  
on the- exch an g eab le  magnesium as  shown by a s t a t i s t i c a l  a n a ly s is  conducted  
o v er a l l  s o i l  ty p e s  a t  the f i r s t  sam pling  d a t e .  The o n ly  g e n e ra l  in crea se  
o f  excliange&ble magnesium seemed t o  be f o r  th e  in d iv id u a l  s o i l s  where 
heavy a p p lic a t io n s  o f  d o lo sd t lc  lim in g  m a te r ia l  were a p p l ie d • Here s l i g h t  
in c re a s e s  w ere n o t ic e d  on th e  Monmouth, C h e s te r  and Emory s o i l  s e r ie s *  
However, th e  d t a  was n o t s t a t i s t i c a l l y  a n a ly se d  f o r  th e s e  th ree s o i l s .
An o v e r a l l  s t a t i s t i c a l  t re a tm e n t  f o r  a l l  so il®  in v e s t ig a te d  
showed no s i g n i f i c a n t  d e c re a se  o f exch an g eab le  manganese w ith  th e  lim in g  
trea tm en t®  em ployed.
P o tass iu m  ap p aren tly  was n o t u n ifo rm ly  a f f e c te d  by lim e t r e a t ­
ment®. A lthough th e r e  w ere s e v e r a l  case® in  th e s e  r e s u l t s  where th e  ex ­
changeable p o ta ss iu m  seemed to  be e i t h e r  in c re a s e d  o r d e c re a s e d , th e r e  
was no s i g n i f i c a n t  change of exchangeab le  p o ta ss iu m  caused  by any  of th e  
lim in g  a p p l i c a t i o n s .
TABUS 35
E ffec t of Heavy Lime Treatm ents On Exchangeable Calcium fo r  M attapex, Matawan (Cordova), Monmouth, C hester, 
D u ffie ld , and Emory S o i l  S e r ie s .
Treatment












For S o il  Type
m.e./lOOgm m.e./lOQgm m.e./lOOgB i m.e ./lO O p i m.e./lOOgn aue./lQ Oga m.e./lOOgm
la tta p e x  S i l t  Loam 2.61 5.80 3.31* 2.61 5.81 6.56 h .1*6
Matawan Sandy Loam 
(Cordova)
2.53 2.50 3.07 2.92 2.95 2.1*8 2.7U
Monmouth Loamy Sand 3.28 5.11 5.65 5 .0  9 8.22 5.1*1* 5.1*7
C hester S i l t  Loam 7.1*7 9.86 13.12 7.76 13.03 ll*.o6 10.83
D u ffie ld  S i l t  Loam 7.37 9.07 9.28 9.21 9.00 8.77 8.78
Emory S i l t  Loam 7.59 7.66 8.13 8.05 8.03 6.99 7 .BO
Average Value For 
Treatment 5 .U 6 .6  7 7.15 5*95 7.85 7.38
L.S.D. (Between Treatments) = 1.60
P e r s is te n c e  ° i’ Lime l a  S o i l
At th© b eg in n in g  o f t h i s  p r o je c t ,  i t  was th o u g h t t h a t  th e  in f lu e n c e  
o f  th e  more s o lu b le  f o r  sis o f  lim e would d e c re a se  in  th e  s o i l  w ith in  th e  
th r e e  y e a r  experim ental p e r io d .  By exam ining Table© T$ and 1? which su sssa r- 
i s e  th e  in f lu e n c e  o f  lim e on pH and T ab les 23 and 25 which show th e  e f f e c t  
o f  lim e on th© exchangeable c a t io n s  o f s a s s a f r a s  and Monmouth s o i l s ,  i t  
can be se en  t h a t  th e r e  a re  no in d ic a t io n s  of la c k  o f m ain tenance a b i l i t y  
by th e  more s o lu b le  h y d ra ted  o r b u rn t  form s o f lim in g  m a te r ia l  d u r in g  th e  
p e r io d  s tu d ie d .  The e f f e c t  o f  a l l  t re a tm e n ts  on th e  pH, ex ch an g eab le  hy­
d ro g en , c a lc iu m , and o th e r  c a t io n s  o f  t h i s  i n v e s t ig a t io n  gave ev id en ce  
t h a t  th e  g r e a t e s t  change o c cu rred  d u rin g  th e  f i r s t  few months a f t e r  t r e a t ­
m en t. These d a ta  in d ic a te d  t h a t  th e  lim in g  in f lu e n c e s  rem ained f a i r l y  
c o n s ta n t  th© two to  fo u r  months and a f t e r  th r e e  y e a rs  th e  lim in g  e f f e c t s  
s t i l l  p e r s i s t e d .  However, t h i s  work has n o t been c a r r i e d  o u t o v er a  
s u f f i c i e n t  le n g th  o f  tim e to  g iv e  a  f i n a l  answ er t o  th e  q u e s tio n  of main­
ten an ce  a b i l i t y  o f lim e m a te r ia ls  in  th© s o i l .
Movement o f  Lime in  th e  S o i l
Sam pling was not e x te n s iv e  enough to  a llo w  a  s t a t i s t i c a l  a n a ly s is  
o f  d a ta  on lim e movement, b u t T ab les 2 0 , 2lf, 26 arid 29 g ive  some in d ic a t io n  
o f  th e  movement o f lim e in to  th© s u b s o i l .  These r e s u l t s  seem t o  in d ic a te  
th a t th ere  was some movement o f  lim e i n to  th e s u b s o il  because i n  gen era l 
th e  heavy a p p lic a t io n s  o f  lim e produced a h igh er s u b s o i l  pH and more ex­
changeable calcium  tiian occurred in  the s u b s o ils  w ith  l i g h t  a p p lic a tio n s*
The lim e movement was s tu d ied  f u r th e r  on th ree  o f th e  farms by 
ta k in g  samples a t  r e g u la r  depth in t e r v a ls .  ‘These are summarised in  Table - 
3 6 . These r e s u lt s  seem t o  in d ic a te  t h a t  th e lim in g  e f f e c t s  decreased
TkBIM 36
Lis® Moveiaent As In d ica ted  by the pH and Exchangeable Ions a t  D iffe re n t Depths Aar Some Of The S o ils  And 
Treatm ents Studied*
S o il  Type
Tr
feat® in  
Tons Acr
ea tn en t 
g Kind of Lime








S a ssa fra s  s i l t  loam
D epthsi 0-6 in# 0*00 Untreated 6 a o s . 5.W 2 . 1,2 L.08 0.8?
0-2 in . 2 .85 Hydrated k ^ os. 6 .9: 0.00 6.1*8 0.91
2-ii in . 6 .o : 1.77 ti.80 0 .8?
h-6 in . 6 .0' 1.61 I4.76 0.97
6-8 in . f  Q'>.o„ 0.56 It.79 1.09
8-10 in . 5.7< 1.87 It.lS 1.16
0—It i n . 1.15 Fine 1 y r . 6 . id 1.75 5.38 O.63
1-3 in . 6 . 3 2.1*9 It .35 0.72
8-12 in . 6.0: 2.20 It .28 1.00
0-1 in . 3.65 Fine 1 j r . 6 M 0.96 5.13 0 .58
lt-8 i n . 6 .9 i 0.81i 5.98 0.76
8-12 in . 6.36 2.01* 5.3lt 1.19
Glenelg Loam
Depths? 0-6  in . 0.00 U ntreated ii mos. 5.1l 3.02 it.70 0.70
0-2 in . 3.5o Hydrated It mas • 6 . 6s 0.00 10.70 1.35
2-It in . 6 .Id lj.68 7.36 1.25
6-10 n . 5*5i! L.85 3.57 0.95
C hester s i l t  loam
D epthsi 0-6 in . 0.00 U ntreated lj B IG S . 5.8C 5.13 7.).i7 0.90
0*2 in . 3.85 Hydrated I; 1308. T.3C > O.00 li t .  60 0.96
2-it i n . 7.2S 0.00 l i t . 33 0.70
it—6 in . 6.9C 1.85 10.72 1.09





r e g u la r ly  w ith  the? s o i l  d e p th ,  how ever, la c k  o f check p lo t  d a ta  and  pH 
m easurem ents p re v io u s  to  lim e a p p l ic a t io n s  make t h i s  d a ta  d i f f i c u l t  to  
a n a ly s e .
H arv est Y ie ld s
T ab les  37 th ro u g h  h$ g ive  th e  cro p  y ie ld s  a© a f f e c te d  by th e  
v a r io u s  lim e tr e a tm e n ts  o f th e  n in e  s o i l s .  Table L6: i s  a  summary o f  the-
a v e ra g e  r e l a t i v e  y ie ld s  o f c o rn , w heat and hay f o r  ekcii cro:> seaso n  in v e s t ­
ig a te d ,  and Table li? i s  a  summary o f th e  r e l a t i v e  y i e l d s  av erag ed  f o r  th e  
th r e e  y e a r s  o f th e  stucy*.
The th r e e  y e a r  av e rag e  o f  th e  hay c ro p  vie?Ids from lim ed  s o i l s
was h ig h e r  th a n  th e  y ie ld s  from  th e  un lim ed  s o i l s .  Hie bay c ro p s  o f  th e
f i r s t  y e a r  were lim ed by top  d re s s in g  two months p r io r  t o  h a r v e s t in g .
The r e s u l t s  show t h a t  th e  hay p lo t s  w hich w ere h a rv e s te d  a  y e a r  a f t e r  
lim in g  gave? th e  ' u rg e c t  y i e ld  in c r e a s e s .  T his m ight su p p o rt th e  p r a c t ic e  
o f  lim in g  lan d  a y e a r  ahead o f th e  hay c ro p . These d a ta  a l s o  in d ic a te  
t i i a t  th e  hay p lo ts  c u t  two y e a rs  a f t e r  lim in g  gave v i r t u a l l y  th e  same 
y i e l d  a s  d id  th e  u n tr e a te d  p l o t s .  I t  sh o u ld  be em phasised  t h a t  o n ly  
one farm  was in  hay  d u r in g  t h i s  y e a r ,  so  th e  v a lu e s  f o r  hay y ie ld s  two- 
y e a rs  a f t e r  lim in g  in  Table h6 r e p r e s e n t  o n ly  t h a t  one farm  ( S a s s a f r a s  
s i l t  lo am ). F x am lnatlon  o f t i e  re su lt®  f o r  pH v a lu e s  and  ex changeab le  
c a t io n s ,  a s  w e ll  as  v i s u a l  in s p e c t io n  o f th e  f i e l d  p l o t s ,  gave no 
e x p la n a tio n  f o r  th e  a p p a re n t lack  o f re sp o n se  t o  11®? in  191*9.
A p p a ren tly  w heat and co rn  y i e ld s  a re  n o t a p p re c ia b ly  a f f e c te d  by 
th e  forma o r amounts of lim e m a te r ia l  used  in  t h i s  s tu d y , s in c e  on ly  
v e ry  s l i g h t  in c re a s e s  w ere n o t ic e d .  However, th e r e  was an a p p re c ia b le  
in c re a s e  o f th e  w heat s tra w  where th e  lim e had been in  c o n ta e t  w ith  th e
t m m  3?
.Response of wheat and Hay to  Lime Treatments On Latiapex S i l t  Loam S o il .  #  (P rincess Anne)
ft tea t  (2 mos. a f t e r  a p p l ic a t i iS ) Timothy-C lo v e r
Treatment la m  A pplied Straw Grain X ield
Tons/Acre pd
Tons/Acre Value Bu/Acre Value
pH "
Tons/Aere
~~ iteiatTw r- 
Value
Coarse lim estone 1.65 iu97 1.S6 108 11.7 118 5.21 0.66 300
I1.35 5.80 l.iiO !0li 10.6 107 5.82 0.57 259
Medium Limestone 1.70 5.145 1.19 88 9.3 9h 5.20 0.60 273
fc.to I4. 39 1.35 100 11.1 132 5.57 0.57 259
Pine Liraestone 1.75 5.3ii I . 2I4 92 9 .1 92 5.18 O.6I4 291j
i
1.80 ii.9? 1.35 100 9.9 100 5.37 0.65 296
f
I Burnt Lime 1.15 5.33 1.3 h 99 8 .0 81 5.56 0.78 356
3.00 5.2)4 1.38 102 0 0U 89 5.86 0.73 332
Hydrated Lime 1.20 5.27 1 M 109 9.9 99 5.22 0.59 268
3.15 6.39 1.65 122 10.0 100 6.72 0.71 323
U ntreated 0.00 hM t 1.35 100 9.9 100 5.00 0.22 100
*- These n lo ts  were put in to  p astu re  in  19h9; th e re fo re , no y ie ld  d a ta  was obtained,
0On
TABLE 38
























C lover (2 months a f t e r  
A oD lication)
* R e la tiv e  
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t m r .  39
Response o f Com and s.heat to  U m  Treatments Cm mUrnm  Candy Ioaa S o i l ,  -  (Cordova)
Treatm ent
1 Corn ()j months a f t e r  
A pp lication)





R e la tiv e
Value pH Ions/A cre
R e la tiv e
Value Bu/Acre
R e la tiv e
Value
Coarse lisae- 0.85 5.71 71 .<| -V. « •- 103 6.02 1.16 n i j 9*8 82
stone 2.78 5.93 71.7 103 6.L6 1.01) 102 12.7 107
lediu© lim e- 0.85 5.76 72.5 io5 6.16 1.23 120 10.9 92
stone 2. 8 6.17 70.2 102 6.36 1.21 119 12.9 108
Cine liiaoetoni i 0.85 5.9Jt 66.7 96 6 .hQ 1.78 17I1 12.5 105
2.78 6.53 72.3 lOL 6 .k0 1.36 133 12.5 105
Burnt Lin® 0.!j 7 6.o5 69.9 101 b *91 1.33 135 12.8 108
1.71 6.52 77.6 111 6.6$ l.l)!) Ubl Uu3 121
Hydrated lime 0.67 6.15 70.3 1)2 6.21* 1.1)7 lU i 15.1 127
2.18 7.16 72.7 105 ‘ .83 1.82
.
139 12.9 108
U ntreated 0.00 5.75 69,2 100 5.90 1.02 loo 11.9 100
« These p lo ts  m m  put In to  p as tu re  in  1?!$ so no y ie ld  data  was obtained#
s
t m r -  iso
Response of Corn, .fneat and Hay to  h i m  T r e a t^ n ts  on  S assafras S i l t  Loam S o i l .  (C h estcrtown)
r  ......... Corn
(1» SOS. a f t e r  a p p lic a tio n )
wheat
(1  y r .  a f te r  ap p lica tio n )
fxm oihy-Clover t 
(2 y r s .  a f t e r
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U ntreated 0 .00 < i t 91.3 100 t : 7 r 5.7 .  i  P 1.52 100 15.3 100 5.05 2.0b 100
oVO
70
TAB IE i l l
Hespouse o f  A lf a l f a  t o  Ha© Treatments on Monmouth Loamy Band S o i l ,  
(Marlboro)
: Lime A lfa lfa *  (1  Xr. a f t e r  a p p l ic a t io n )




R e la t iv e
Value
hoarse L im estone l .i i7 5.75 2.86 109
5.51* 6.10 2.75 105
Hedium Limestone 1.14? 5.25 2 .7 8 106
5.^ 4 5.as 2 .9 3 112
fin® Lim estone 1.1*7 5.65 2.62 100
S*$h 6.5o 2 .61 100
Burnt Lime 0*S>8 5.52 2.50 95
3*£G 6 .8 0 3 .1 5 120
H ydrated Lime 1.18 .6.02 2.7lt lo li
ii.3 a 7 .0 0 3 .0 5 116
U n tre a te d 0 .0 0 li.95 2.62 100
*  f ig u r e s  given  rep resen t th e  sum o f two c u t t in g s *
t m m  1*2
Eesponse o f  C o m  and fcftsat to  Lins Treatm ents on ulnnelg  Loam S o il*  * (J a r r e t s v i l l e )









R e la tiv e
Value Bu/Acr©
E c la tI t© 
Value
Coarse Limestone 1*2$ rcm ||;|| ,|n 36.2 83 2 Ji6 111 25*9 Ilk
lu90 — U*.7 109 2*39 107 26.2 US
Uedium Limestone 1.25 5 .9 5 JLo.li 98 2.51 113 25*8 113
lw90 S. 80 39.2 96 2.35 97 22*3 98
Fine Limestone 1.25 5.79 36.3 89 2.58 116 25.3 111
6.90 6.21 55.7 111 2.70 121 31.6 139
Burnt Lime 0.88 5.31 33.5 9k 2.51* 111* 25.1 112
li .00 I 5.72 38.7 9k 2*16 111 25 .1 110
1 flydrated Lime 1*00 5.77 37.7 92 2*50 113 26.5 11?
3.50 6.36 33.0 93 2.38 107 25*5 112
U ntreated 0 .00 5.90 51.0 100 2.22 100 22.7 100
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C loser ( a f t e r  Z months B arley ( a f t e r  2 years]
pH
Straw jr  a in
Tons/Acre
R ela tiv e
Value Tons/Acre
K elat ire ' 
■ Value Bn/Acre
R e la tiv e
Value
Coarse Limestone 3.95 7.60 1.18 S3 1.8? 111 25.14 111
Uedium Limestone 3.95 7.30 1.18 33 U 7b 103 23.7 107
fin e  Limestone 3.95 7.30 1.18 33 1.88 111 23.2 lob
Burnt Lime 2 .10 7.10 1.18 33 1.63 97 20 *3 91
Hydrated Lime 3.05 7 .hO 1.33 96 1.25 7b 17.2 77
Untreated 0 .00 6 .60 l.ii3 100 1.68 100 22.2 100.
* The crop y ie ld s  of 191*8 were kiristateenly destroyed  by the  fa n n e r.
TABU! \6
Response o f Hay, Corn, and wheat to  Line Treatments on Faery S i l t  toaa S o i l .  (Hagerstown)
Li*.ie Hay ( a f te r  2 mos• ) Com ( a f t e r  1 y r .) wheat (a fte r  2 y r s .)
A pplied
E e la t iv
Value
i pH













ll .05 6.79 0.82 91 7.10 21.2 83 1.68 69 16.0 75
Medium Lime­
stone
l*.l5 7.00 0.98 ■109 7.10 3U.1 133 2.1£ 99 20.7 97
Fine Limestone h.h? 6.81 0.69 77 7.08 33.9 152 2.6li 10 8 23 J? 109
Burnt Lime 2.80 7.56 0.86 96 7.63 13.7 171 2.25 92 21.3 99
Hydrated Lime 2.95 ?.6o 0.90 100 6.79 hh.9 175 2.73 111 2l4.lt u i i
Untreated 0.00 6.70 0.90 100 6.77 25.6 130 2.16 100 21.it 100
TABLE 1*6
The .i l la t iv e  E ffec t cm I!ay, i?heat and Com by Lime Treatments as Composited fo r A ll farm s.






a f t e r  
2 mm
a f t e r a f te r* 23traw .......... _J Drain
..1 2 T*j 2 mos4 1 y r . 2 yrs* 2 mos* 1 y r . 2 y r s . t  mos. 1 y r . 2 y r s .
Coarse Limestone Light l l |0 300 90 1 108 109 109 113 83 115 100 103 85
Heavy log 259 Ilk 101 106 93 107 98 99 lot 108 91
Lfedium Limestone Light i t o 273 108 sa 113 111 9t 93 10? lo t 1lil 86
Heavy 110 259 Q1.sit 100 111 100 112 102 100 106 l i t 91
Fine Limestone Light 120 221 88 92 132 lit 92 102 1X6 100 117 90
Heavy 106 296 102 100 120 112 106 109 121 102 13t 99
Burnt Lis® Light SO 351i 90 99 113 110 81 97 111 103 111 89
Heavy 113 232 102 102 123 103 39 109 108 lot lt3 93
Hydrated Lis® U ght HR) 268 91 109 117 112 100 105 115 103 9k 102
Heavy 112 323 10 9 122 123 111 100 102 112 105 131 lot
U ntreated 100 100 100 100 100 100 100 100 100 100 100 100
values re p re se n t only one far® (Sassafras s i l t  loam) for t h i s  y e a r .
TABLE h ?
Eelativ®  E ffe c t o f Liming M ate ria ls  on Hay, wheat, and Corn fo r  th e  Combined Tears of 1 9 t7 , I9 l$  and 19t9*
R ela tiv e  Values
iiay ftheat Corn










Coarse Limestone 177 137 109 100 99 101 100 loil
Medium Liases tone 173 137 108 IQt 98 103 l i t 108
Fine f ire s to n e 166 11*3 119 113 106 112 lo t 11?
Burnt Line 175 l 5h 110 110 99 lo t 103 119
Hydrated Lime 166 iSh nil 112 10? 102 102 116
U ntreated 100 100 100 100 100 100 100 100
s o i l  a  y e a r  b e fo re  harvestin g*  There was no t r e n d  in  th e  r e s u l t s  in d ic a ­
t in g  a s u p e r io r i ty  o f  any one fo ra  o f  lim in g  m a ter ia l o v er t h a t  o f  a n o th e r  
in  i t s  in f lu e n c e  upon crop  y i e l d s .
A Suggested Lime Recommendation Method
A r a p id  and re a so n a b ly  a c c u ra te  method o f  making l i n e  recommend­
a t io n s  can  be based  on pH measurements 11* agreem ent betw een th e  r e l a t i o n ­
s h ip  o f  pH t o  p e rc e n ta g e  h y d ro g e n -s& tu ra tio n  can be shown fo r  th e  s o i l s  of 
th e  s t a t e ,  f ig u r e  10 i s  a  graph o f  pH v a lu e s  p lo t te d  a g a in s t  th e  c o r r e s ­
ponding p e rc e n ta g e  h y d ro g e n -s a tu ra t io n  a s  d e te rm in ed  f o r  th e  n in e  s o i l s  in  
t h i s  s tu d y .  In  o rd e r  to  check  th e  agreem ent o f t h i s  r e l a t io n s h i p  f u r t h e r ,  
pH v a lu e s  and ex ch an g eab le  hydrogen d a ta  of a n o th e r  p r o je c t  were in c lu d e d  
f o r  2h im p o rta n t s o i l s  o f  th e  s t a t e .  Four o f th e se  s o i l s  w ere from farm s 
u sed  in  t h i s  p re s e n t  lim in g  i n v e s t i g a t io n .  F ig u re  11 g iv e s  t h i s  d a ta ,  and 
T able 18 shows th e  lo c a t io n  and s o i l  ty p e s  p re se n te d  by F ig u re  11 . I t  
sh o u ld  be em phasised  t h a t  t h i s  d a ta  ^as o b ta in e d  from an  in d ep en d en t r e ­
s e a rc h  p r o je c t  and th e  a n a ly s e s  p re s e n te d  w ere perform ed by d iffe r e n t  
w o rk e rs . The s o i l s  s tu d ie d  were o f  s ta te w id e  lo c a t io n s ,  g iv in g  a  good 
g e n e ra l  p ic tu r e  o f M aryland s o i l s .
P ie r r e  and S carseth  have shown t h a t  th e r e  was g e n e ra l  agreem ent 
'between th e  pH v a lu e  o f a  g iven  s o i l  and i t s  c o rre sp o n d in g  p e rc e n ta g e  base 
s a tu r a t i o n .  I t  was f e l t  t h a t  t h i s  r e l a t io n s h ip  m ight h o ld  in  g e n e ra l  f o r  
th e  m ajority  o f  th e  s o i l s  In  M aryland. F ig u re  10 shows th a t  g e n e ra l  
agreem ent o f  pH v a lu e  v e rsu s  th e  co rre sp o n d in g  p e rc en ta g e  hydrogen s a tu r ­
a t i o n  does ho ld  f o r  th e  n in e  s o i l s  s tu d ie d .  A p p lic a t io n  o f  th e  d a ta  o f 
Thomas, e t  a l .  (5 7 ) and Thomas and w inant (58) f u r t h e r  s u b s t a n t i a t e s  t h i s  
g e n e ra l  agreement o f  pH v e rsu s  p e rc e n ta g e  hydrogen sa tu r a tio n  f o r  
M aryland s o i l s  i n v e s t ig a te d .  Thus from  t h i s  r e l a t io n s h i p  one cou ld  p r e d ic t
78
F igure 10
R e la t io n  B etw een pH and th e  P e r c e n ta g e  H yd rogen -S atx ira tion
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P e r c e n ta g e  H ydrogen-S?.^turation o f  Exchange C a p a c ity
79
F igure 11
R e la t io n  B etw een pH and th e  P e r ce n ta g e  I ly d r o g e n -S a tu r a tio n  o f  S o i l s  From 
T h ir t y - f o u r  L o c a t io n s , I n v o lv in g  T w en ty -fo u r  M aryland S o i l s  Tyne a
V alue
•  %
10 20 30 ho 50
P e r c e n ta g e  H y d r o g e n -S a tu r a tio n  o f  Exchange C a p a c ity
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TABLE 13
The S ta te -w id e  D is tr ib u tio n  of tu e  S o i l  Types Whose A nalyses are Presented  in  
F ig u re  11 .
LOCATION Sw-IL firW j
tgwh co im ’i
S a lis b u ry Wicomico Matawan sandy loam 1
C heetertovn Kent S a s s a f ra s  s i l t  loam
C h este rto sm Kent h u tle rto w n  s i l t  loam
G hestartow n Kent S a s s a f ra s  s i l t  loam
H agerstow n W ashington Hagerstown s i l t  loam
Hagerstown H ashing ton Kaory s i l t  loam
Boonsboro Washington D u ffle Id s i l t  loam
B elA ir H arfo rd C h e s te r  loam
B a U ir H arfo rd G lenelg  loam
S parks B altim ore B ie n v i l le  loam
Spark® B altim o re Manor loam
M anchester C a r r o l l Manor g ra v e l ly  loam
C e n te r v i l le Quean Anne B u tle rto w n  s i l t  loam
C hurem rille H arford c le n e lg  loam
C h u rch vllle Harford C h e s te r  loam
C h u rc h v illa H arfo rd Heshaminy s i l t  loam
R id g e ly C a ro lin e f a l l s i n g t o n  sandy loam
R id g e ly C a ro lin e K lkton  loam
E id g e ly C a ro lin e S a s s a f ra s  sandy loam
F re d e r ic k F re d e r ic k B u f f ie ld  s i l t  loam
F re d e r ic k F re d e r ic k H agerstow n s to n e y  loam
F re d e r ic k F re d e r ic k W ilts h ire  s i l t  loam
F re d e r ic k F re d e r ic k D u ffie ld  s i l t  loam
M t. A iry C a r r o l l Manor s l a t e  loam
Mt. A iry C a r r o l l b lc n e lg  loam
f a m e s  town Montgomery G lenelg  loam
Dame s t  own Montgomery Manor loam
Sparks B altim ore Manor loam
Spark® B altim ore u le n e lg  loam
C o le s v i l le Montgomery E lio a k  loam
J a r r e t s v i l i e H arford J le n e lg  loam !
Wye M ills Queen Anne G a its  s i l t  loam
P r in c e s s  Ann© S om erset M attspex  s i l t  loam
B u r to n s v i l la Montgomery E lio a k  loam
th e  p e rc e n ta g e  hydrogen s a tu r a t i o n  o f th e  exchange complex from  th e  pH v a lu e «
k  r a p id  e s t im a t io n  o f  lim e req u ire m e n ts  i s  p roposed  from t h i s  r e ­
l a t i o n s h ip  w hich i s  a p p l ic a b le  t o  th e  s o i l s  s tu d ie d .  F ig u re  12 i s  a  g e n e ra l  
graph  o f  pH p lo t t e d  a g a in s t  th e  .percen tage hydrogen s a tu r a t i o n  a s  drawn f o r  
th e  s o i l s  u sed  in  b o th  t h i s  p r o je c t  and th e  r e s e a rc h  o f T h o m s, ©t a l .  Mow 
w ith  on ly  a  pH m easurem ent and t h i s  g rap h , th e  ap p rox im ate  p e rc e n ta g e  o f  
hydrogen s a tu r a t i o n  o f a  d r y l a n d  s o i l  can im de term ined*  T hus, i f  th e  t o t a l  
exchange c a p a c i ty  o f  a  s o i l  i s  known th en  th e  amount o f  ex ch an g eab le  hydrogen 
can too e a s i l y  d e te rm in e d  from a m u l t ip l ic a t io n  o f th e  p e rc e n ta g e  hydrogen 
s a tu r a t i o n  by th e  t o t a l  exchange c a p a c i ty .  This t o t a l  exchange c a p a c i ty  can  
be e s tim a te d  a c c u r a te ly  enough by an e x p e rie n c ed  w orker who i s  f a m i l i a r  w ith  
th e  M aryland s o i l s .  S ince lim e recom m endations a re  alw ays g iven  in  v e ry  
g e n e ra l  terra®, t h i s  e s t im a t io n  o f  th e  t o t a l  exchange c a p a c i ty  sh o u ld  n o t 
in tro d u c e  an e f f e c t i v e  e r r o r .  Once th e  amount o f ex ch an g eab le  hydrogen  is  
known, i t  i s  s im p le  t o  d e te rm in e  th e  q u a n t i ty  o f lim e m a te r ia l  n e c e s sa ry  to  
red u ce  t h i s  ex ch an g eab le—hydrogen to  t h a t  w hich i s  p r e s e n t  a t  th e  d e s ir e d  
pH v a lu e .
As an example a  C h e s te r  s i l t  loam , w hich has an exchange c a p a c i ty  
o f  10 s i i l l i e q u i v a l a n t s ,  m ight be ta k e n . Tf i t s  pH v a lu e  i s  6 .0 ,  f ig u r e  12 
would in d ic a te  t h a t  31 p e rc e n t o f  i t s  exchange c a p a c i ty ,  o r  (3C$ x 10 
3 .0  m .e . ) ,  i s  s a tu r a te d  w ith  hyd ro g en . At a  d e s ir e d  pH o f 6 .5 ,  Figure- 12 
in d ic a te s  t r ia t  15 p e r c e n t ,  o r  1 .5  s u e . ,  o f t e e  exchange c a p a c i ty  i s  s a tu r ­
a te d  w ith  hydrogen . T h is means enough lim e must be added to  r e p la c e  1 .5  
m i l l i e q u iv a le n ts  o f  hydrogen (3*0 m .e . -  1 .5  m .e . s  1 .5  m .e .)  t o  r a i s e  
th e  s o i l  pH from  a  v a lu e  o f  6 .0  to  6 .5 .  T ab le  U9 shows t h a t  a p p ro x im a te ly  
two m i l l ie q u iv a le n ts  o f  th e  lim in g  m a te r ia ls  u sed  in  t h i s  ex p erim en t w ere 
r e q u ire d  t o  r e p la c e  one m i l l i e q u iv a le n t  o f  ex ch an g eab le  hydrogen on th e
8 2
F ig u re  12
A G en era l P lo t  o f  pH A g a in s t P e r ce n ta g e  H y d ro g en -S a tu ra tio n  
A p p lic a b le  to  M aryland S o i l s
7 . O r
5*5
10 3020 6o50
P e r ce n ta g e  H y d ro g en -S a tu ra tio n  o f  Exchange C a p a c ity
TABU- h?
E stim ated t f i l l ia q u iv a le n ts  of Liming A e r i a l s  -sq u ired  to  He p lace 1 M illie q r  iv a la n e t o f Exchangeable Hydrogen 
fo r  Sane Acid d r y la n d  f o i l s
JJLaestone Burnt Lina Hydrated Lisa
S o il  Types
M.K* Added :;or 
Combined Lime­
stone Treatment
M.E* H Replaced 






f .K . Hydrated 
H xe Added
U.K. R i-^placed 
by -ty-drated 
Line
Mkttapax S i l t  Loan 9.75 3.99 11.37 5.95 11.87 5.93
Batswan Sandy Loam 
{S alisbury )
3 . a 1.71 1.21 0.33 1.21 0.87
iiatawan Sandy Loam
(Cordova)
1.71 0.33 1.71 0.57 5.56 1.6?
-Sassafras S i l t  Loam 2 a h l .o ? 2.2k 1.52 2.21; 1.26
Monmouth Loaay Sand 5 M 3.21 2*91* l.Ii? Z.9h 1.77
C heater S i l t  Loam luoa 3.39 9.10 5.oo 10.1(6 9.80
E stim ated  rue  • 
Lining M a te ria l to  
Replace m.*e* H
1.99 1.00 1.96 1.00 1.60 1.00
e n e r a l  o v e ra l l  e s tim a te  fo r  a l l  l ia in g  m a te r ia ls  neceasaxy to  re p la c e  1 .0  sue* of exchangeable
hydrogen » 2*0 m .e.
w
exqh&nge c o ^ l e x  o f  th e  a c id  s o i l s  s tu d ie d .  T h e re fo re , i f  ground lim esto n e  
i s  used  on t h i s  C h e s te r  s i l t  loam th e n  th r e e  m i l l i e q u iv a le n ts  o f  th e  H is s -  
s to n e  sh o u ld  be a p p l ie d ,  i . e . ,  1*5 o f  exchangeab le  hydrogen to  be r e ­
p la c e d  m u l t ip l ie d  by th e  2 sue# o f lim e s to n e  t h a t  i s  needed to  r e p la c e  each  
m .e . o f  ex changeab le  hydrogen (1 .5  s u e .  x 2 * 3 .0  m .e . ) • Sine® one m i l l i -  
e q u iv a le n t  o f  l im e s to n e  p e r  one a c re  i s  e q u iv a le n t  t o  1000 pounds t h i s  s o i l  
would r e q u i r e  3000 pounds p e r  a c r e ,  ( 3 .0  m .e • x  1000 l b s .  a  3000 l b s . )
One m i l l i e q u iv a le n t  o f  b u rn t lim e i s  e q u iv a le n t  to  560 pounds p e r  a c re  so  
t h a t  16S0 pounds a re  needed f o r  t h i s  s o i l  and s in c e  one m i l l ie q u iv a le n t  o f  
h y d ra te d  lim e i s  e q u iv a le n t  to  71*0 pounds p e r  a c re  th e n  2220 pounds o f  
lim in g  m a te r ia l  a re  r e q u i r e d .
This in v e s t ig a t io n  has shown th a t  a l l  the  l in e  trea tm en ts  ©nployed
in c re a s e d  th e s o i l  pH s ig n i f i c a n t ly  above th e  pH v a lu e  o f th e  u n t r e a te d  p l o t s .  
However, in  g e n e ra l ,  th e re  w ere on ly  a  few  d i f f e r e n c e s  shown between th e  
v a r io u s  l in e  m a te r ia ls  in  t h e i r  in f lu e n c e  on s o i l  pH, ex ch an g eab le  c a t i o n s ,  
o r  crop  y i e l d s .  Moat o f  th e se  d i f f e r e n c e s  when th e y  d id  o ccu r, w ere s m l l  
and p ro b a b ly  o f l i t t l e  p r a c t i c a l  agronom ic iim portance. The h y d ra ted  l in e  
t r e a tm e n ts ,  a l th o u g h  th e y  were n o t s i g n i f i c a n t l y  d i f f e r e n t  from  o th e r  lim e 
t r e a tm e n ts  in  a l l  u s e s ,  showed a  t r e n d  o f g rea ter  in flu e n c e  on s o i l  pH 
and exchangeable c a t io n s  than th e  lim e sto n e  fo rm s . The re a so n  f o r  t h i s  
t r e n d  o f  th e  hydrated form is  probably tw ofo ld  t th e  h y d ra te d  lim e was more 
s o lu b le  th a n  th e  c a rb o n a te  fo rm  and i t s  extrem ely  f in e  s t a t e  of d iv is io n  
was th o u g h t to  g iv e  i t  a  l a r g e r  e f f e c t i v e  s u r fa c e  a r e a .
S in ce  th e s e  r e s u l t s  have shown such  sm a ll  d i f f e r e n c e s  between 
th e  d i f f e r e n t  g ra d e s  o f liases ton es u s e d , i t  i s  in d ica te d  t h a t  i t  m ight 
n o t alw ays be n e c e s sa ry  t o  g r in d  lim esto n e  to o  f i n e .  I f  a  lim esto n e  w hich 
i s  ground to  pass  a  kQ-ssesh s ie v e  c o n ta in s  enough f in e  m a ter ia l to  g ive  
a p p ro x im a te ly  th e  same im m ediate s o i l  pH e f f e c t  a s  th a t  w hich is  j^roimd 
to  p ass  a  IOCMaesh s ie v e ,  th en  t h i s  c o a r s e r  m a te r ia l  m ight be s u p e r io r  
s in c e  i t  is  thought to  p e r s i s t  in  th e  s o i l  over a  lo n g e r  p e r io d .  Sine© 
th e  lim es to n es  u sed  in  t h i s  experim ent w ere n o t from th e  same so u rc e  i t  
i s  p o s s ib le  t h a t  t h e r e  was a  d i f f e r e n c e  in  th e  s o l u b i l i t y  o f th e s e  
m a ter ia ls  .  The r e s u l t s  su g g e s t t h a t  f u r th e r  experim ental work sh o u ld  be 
conducted  on th e  in f lu e n c e  of d i f f e r e n t i a l l y  ground lim esto n es on s o i l s .
Sine© on ly  sm a ll  d i f f e r e n c e s  w ere shown between, the v a r io u s  
lim e m a te r ia ls  in  t h e i r  e f f e c t  on th e  s o i l  and c ro p s ,  th e s e  r e s u l t s  in ­
d ic a te  t h a t  th e  prim e c o n s id e ra t io n  o f  a  farm er i n  ch o o sin g  a  lim in g
m a te r ia l  sh o u ld  be th e  co s t*  The fa rm ers  In  s e c t io n s  for-rem oved i 'ro a  
n a t u r a l  so u rc e s  o f iisie  are, h ig h ly  a f f e c te d  by t r a n s p o r t a t io n  r a t e s ,  th u s  
m aking i t  e em ca a ica lly  f e a s ib le  In  such  s e c t io n s  t o  u se  th e  h y d ra te d  o r 
b u rn t forms o f  lima* However, when lim e m a ter ia ls  a r e  a p p l ie d  fo r  c ro p s  
demanding a  h ig h  pH v a lu e  and qu ick  r e s u l t s  a re  d e s ir e d  th e n  h y d ra ted  
lim e would p ro b ab ly  be th e  most id e a l f o r  t h i s  q u ic k  e f f e c t*
A s tu d y  o f the pH v a lu e s  and th e  ex ch an g eab le  hydrogen f ig u r e s  
i n d ic a te s  t h a t  much more lim in g  m a te r ia l  was needed th a n  th e  amount c a l ­
c u la te d  by th e  lim e req u ire m en t method employed* This was because th e  
e x a c t  e q u iv a le n ts  o f  calcium  and magnesium were added to  s a tu r a t e  tb s  
exchange complex by 80 o r 160 p e rc e n t and t h i s  c a lc u la te d  amount was on 
th e  b a s is  o f  com plete  s o lu b i l i t y  and 100$ a b s o rp tio n  by th e  c la y  p a r t i c le s *  
S ince  th e  s o l u b i l i t y  o f  a l l  lim e m a te r ia ls  i s  c o m p a ra tiv e ly  s lo w , th e y  
d id  n o t  go i n t o  s o lu t io n  r a p id ly  enough to  a f f e c t  th e  c a lc u la te d  change 
over th e  p e r io d  o f  tim e  s tu d ie d *
The new lim e recom m endation method w hich la  p roposed  in c lu d e s  
an  e m p ir ic a l  f a c t o r  w hich sh o u ld  b r in g  th e  pH v a lu e  up t o  any d e s ir e d  
l e v e l .  The c h i e f  ad v an tag e  o f  t h i s  p roposed  method i s  t h a t  i t  i s  r a p id ,  
a c c u r a te ,  and s u ita b le  t o  th e  s o i l  t e s t in g  lab oratory*  I t  r e q u i r e s  
o n ly  a  pH d e te rm in a tio n  and two v e ry  s h o r t  and s im p le  c a l c u l a t i o n s .  The 
pli m easurem ent can be made on s m l l  amounts of s o i l  and no chem ica ls  
o r  la b o r a to r y  equipm ent o th e r  than a  s ta n d a rd  pH m eter a r e  n ecessa ry *
T h is  method, would itonction f o r  th e  m a jo r i ty  o f th e  s o i l s  o f  th e  s ta t e *  
However, a few s o i l s  w hich  have an u n u s u a lly  h ig h  organic m a tte r  c o n te n t 
o r  a w id e ly  d if f e r e n t  type o f  m ineral compos i t  ion  probably would n o t have 
th e  same pH -percentage hydrogen s a tu r a t i o n  r e l a t io n s h i p  p resen ted  in  F ig u re  
1 2 . The- e s t im a te s  o f t o t a l  exchange ca p a c ity  o f a  s o i l  and amount o f  lim e
t o  r e p la c e  on© s i lX ie q u iv a lc n t  o f  ex ch an g eab le  hydrogen a re  a p p ro x im te
v a lu e s • However, re a so n a b ly  a c c u ra te  r e s u l t s  would be ex p e c ted  f o r  
© a tlia a tin g  lim a re q u ire m e n ts  o r  M aryland c o i l s .  I t  i s  b e l ie v e d  t h a t  t h i s  
f i e l d  c a l i b r a t e d  method i s  s u p e r io r  to  th e  more g e n e ra l figu re©  u sed  in  
M aryland and many s t a t e s .
Lim ing I n v e s t ig a t io n s  -were conducted  on n in e  im p o rta n t .Maryland 
© o ils*  ill© lim in g  m a te r ia ls  examined were l im e s to n e , b u rn t lim e , and  
U n r a te d  l im e .  In  t u r n ,  th e  lim esto n e  was added in  th r e e  d if f e r e n t  s t a t e s  
o f  d i v i s i o n ,  a  c o a r s e ,  medium, and f in e  ground lim esto n e*  The n in e  s o i l s  
chosen f o r  t h i s  e x p e rim en t were lo c a te d  in  prominent a g r i c u l t u r a l  a re a s  
tliro u g h o u t the s t a t e  and r e p re s e n t  d i v e r s i f i e d  s o i l  c o n d i t io n s .
The g e n e ra l  c o n c lu s io n s  rea ch ed  f o r  a l l  s o i l s  s tu d ie d  in  t h i s  
ex p erim en t can be b r i e f l y  s ta te d  as fo llo w s  3
1 . The pH v a lu e  of s u r f a c e  s o i l  was s i g n i f i c a n t l y  in c re a s e d  by  a l l  add­
itio n ©  of lim e m a te r ia l s .
2 .  The h y d ra te d  form  o f  lim e gave th e  g r e a t e s t  e f f e c t  on th e  s o i l  r e a c t i o n .
The d i f f e r e n t  g rad es  o f f in e n e s s  o f  lim estone in  th e  h e a v ie r  a p p l ic a t io n s  
u sed  in  t h i s  in v e s t ig a t io n  d id  n o t g iv e  s i g n i f i c a n t  d i f f e r e n c e s  to  s o i l  pH. 
However, th e r e  was a s i g n i f i c a n t  in c re a s e  in  pH v a lu e s  o f  s o i l s  t r e a t e d  
w ith  l i g h t  a p p lic a t io n s  o f f in e  lim esto n e  when compared w ith  s o i l s  t r e a t e d  
w ith  co&rs© and medium lim e s to n e s .
3 .  An in c r e a s e  in  th e  q u a n tity  o f  lim in g  m a ter ia l added to  th e  s o i l  produced 
a  l a r g e r  in c re a s e  in  s o i l  pH.
h* The g r e a t e s t  change in  s o i l  r e a c t io n  o c c u rre d  b u r in  ■ th e  f i r s t  two t o  
fo u r  months a f t e r  t r e a tm e n t .
£• lim in g  r e s u l t e d  in  a  .decrease o f  exchan ca b le  hydrogen in  th e  s o i l s  t r e a t e d  
w ith  both l i g h t  and heavy a p p lic a tio n s  o f  lim e when compared w ith  un treated  
p l o t s .  Only s l i g h t  d i f f e r e n c e s  wore found between th e  v a r io u s  lim ing  
m a ter ia ls  used  in  t h i s  experim ent in  t h e i r  a b i l i t y  to  red u ce  exchangeable  
hydrogen in  th e  s o i l  when th e s e  m a te r ia ls  w ere added in  ch em ica lly  e q u iv a le n t  
am ounts •
However, th e  s o i l s  t r e a t e d  w ith  h y d ra te d  arid b u rn t lien? sm m d  t o  g ive  
th e  g r e a t e s t  d e c re a se s  in  exchangeab le  h y d rogen .
£* Ilie  data, in d ic a te d  th a t  ap p ro x im a te ly  two r a i l l ie q u iv a ln n ts  o f th e  
lim in g  m a te r ia ls  u sed  were r e q u ir e d  to  r e p la c e  one mi l l ie q x i i  v a le n t  o f  
ex chan ge&ble h y drogen•
7* f o i l s  t r e a t e d  w ith  heavy a p p l i c a t io n s  o f  l i m  showed a  s ig n i f l e a n t  i n ­
c re a s e  in  ex ch an g eab le  ca lc iu m  above th e  v a lu e s  o f  th e  u n t r e a te d  s o i l*
D* n e i th e r  ex ch an g eab le  p o ta ss iu m  n o r  exch an g eab le  magnesium was s i g n i f ­
i c a n t l y  changed by th e  lim in g  tre a tm e n ts *
9 « Xhe d a ta  f o r  a l l  th e  s o i l  ty p e s  showed no s i g n i f i c a n t  change in  e x ­
ch an g eab le  sianganese w ith  th e  lim in g  tre a tm e n ts  employed* However, th e  
f a t ta p e x  s i l t  loam , .S a ssa fra s  s i l t  loam , Monmouth loamy sa n d , and C h e s te r
s i l t  loam seemed to  d e c re a se  in  ex ch an g eab le  manganese upon lim ing*
10* The a b i l i t y  o f  th e  lim es  to n e s ,  b u rn t tim e , and h y d ra te d  lim e t o  
p e r s i s t  in  th e  s o i l s  o v er a  th r e e - y e a r  p e r io d  was r e l a t i v e l y  c o n s ta n t  
a b in d ic a te d  by l i t t l e  o r no changw o f  pH and ex ch an g eab le  c a t io n s *  The 
ncwe s o lu b le  h y d ra te d  lim e p e r s i s te d  in  th e  s o i l  a s  w e l l  m  th e  more 
in s o lu b le  lim e s to n e s  over th e  th ro e  y e a r  p e r io d .
11* There was some downward movement o f th e  lim in g  m a te r ia ls  a s  in d ic a te d
by t i e  pH v a lu e s  o f  th e  s u b s o il*
12 . The hey  y ie ld s  o f t h i s  ex p e rim en t were g e n e ra l ly  in c re a s e d  by l im in g . 
However, no in d iv id u a l  lim e m a te r ia l  gave a -p rec ia b l©  in c r e a s e s  over th e  
o t t e r  m a te r ia ls  • Ho .g e n e ra lly  In c re a se d  y i e l d s  were observed  f o r  w heat o r  
corn*
13* k  d i r e c t  r e l a t io n s h i p  betw een th e  pH and p e rc e n ta g e  hydrogen s a tu r a t i o n  
was shown t o  e x i s t  f o r  a  la rg e  group o f M aryland s o i l s *  
l l ; .  By use of th i s  pH and p e rcen tag e  hydrogen s a tu r a t io n  r e l a t i o n s h i p ,  a  
r a p id  and  an im proved method o f  e s t im a t in g  th e  lim e need s  o f  M aryland s o i l s
■f P". V* %i ■'% I
was p ro p o se d .
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